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Abstract Based on the mass fraction of 65% deuterated DKDP crystals, the fourth harmonic conversion of 1053 nm
laser is realized under the condition of noncritical phase matching (NCPM). The experimentally measured crystal
temperature is 29.4 C and the acceptance angle width of the crystals under the NCPM condition is around 55 mrad.
Effects of the deuterated amount and the temperature of the DKDP crystals in the process of NCPM on the fourth
harmonic conversion are theoretically analyzed. The relationship between the deuterated amount and temperature and
the changing of the fourth harmonic conversion efficiency versus the double frequency light intensity are numerically
simulated. These results provide a theoretical basis for the application of fourth harmonic laser in the high power laser
system.
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e P =
=)
T T T

Normalized efficiency
=)
N

0.2
0-
=20 -10 0 10 20
Time ¢t /ns
L4 1053 nm Hl5Z #OE MR 37 5 A7 K5 1053 nm 32 S 1 i ] 95 %
Fig. 4 Near field distribution of 1053 nm pump laser Fig. 5 Temporal waveform of 1053 nm pump laser

32 XRERSHW

i A WrIE A 650048 % DKDP & (4 (3L Z 2845 DU A¥ 30 6 e AR Bl IEL B2 A9 28 L i R AN 6 BT . 24
PRI JE S (29.40.1) “CI, SCH IS i 204 e 22 0y 2 °C o VAR BT A e 45 280 3 0 T B2 Al IR 5 6 o
SELAH AN, 2 T o %o ¥ B O R 0 (ARD /9T 2978 2.1 /C°C » em) o Y DUASAR s K A 7 3 1 5L DG 3 32, 1 £ 4
WOGHN BB 2020 45 m] B A5 IZ O RE 12 180 m] WK FE R 7.07 ns, A5 MG 4 4 Ry DU A5 O A ROR 2R
25% . IR B T SH 10 mm /9 65 %048 91 DKDP & A TE IR D) 345 3G Hlz T I A5 A3 %) e 4 803, ]
7R SRR S B UL A5 IR & . 0B A IR SRS DT C A IO I I P 45 1 B e D AR OB AR
FEEOCHY G AT A E] 2~2.5 GW/em?® , & B XU 5 WSRO0, (KA 4,5,6 mm B DKDP & 7K /9 1Y
AR e A 28R B AV A 58 ) A AR AN TR 8 /R AR 2 DG 8RR B 2 GW /em® I DR AT A4 e e A0 R B e

0919002-4



ot 2 # 2
- experiment data 0.5 ;
1.0 : . ——theoretical value
o s\ —fitting function 0 experimental datal
£08 B
2 2
g 503
3 =
No4 < 0.2
EN =
0.1

2 0.2

Q=== e 0

25 27 29 31 33 35 0 0.01 0.02 0.03 0.04 0.05 0.06

Temperature 7'/°C Double frequency light intensity /(GW/cm?)
Kl 6 7 NCPM &1 . DU 55 % 4 Bl 7 7 NCPM {1 F ,DKDP i 4 0 £ 45 % 4
R I IR S Y AR AL AR AT A9 5 1 A2 AL
Fig. 6 Conversion efficiency of fourth harmonic Fig. 7 Conversion efficiency of fourth harmonic generation
generation as a function of temperature as a function of double frequency light intensity for DKDP
under NCPM condition crystal under NCPM condition

ERIAE] 8004,

6520481 DKDP R FE S (29.440.1) °C 48T 52 BLPU AR 30 d it 80738 D6 SR S8 1R 14 £
JEE o 0 3 P 45 28 R A S A R T S A SIS I AT 1) B e R AR A I 2 P 9 B o el TR A i A R
W42 G824 55 mrad., A HC T I AL DT ECH b AT A BE 118 SRR DR R R A 3 e A5 L 7E TR B T A B g
A e O O 00 B e R

. experimental data
—fitting function

o

o)
B
=)

o
=)
It
®

FHG efficiency 5
o
NS
Normalized efficiency n
[=]
[=2]

0.4
0.2 — 4 mm
— 5 mm 0.2
0 — 6 mm 0 e
0 0.5 1.0 1.5 2.0 2.5 3.0 60 -40 -20 0 20 40 60
Double frequency light intensity /(GW/cm?) AO /mrad
Bl 8 7 NCPM & F . =Ff R K 1 DKDP Bl9 7 NCPM 44 F .DKDP /& 52 5 Il 4 A1 804 75 21 /Y
s VR A IO 35 AT 26 45 003 AR A0 i 1 78 4 VU 5 451 2 b 3k 23 B O RS A B 1 AR AL
Fig. 8 Conversion efficiency of fourth harmonic Fig. 9 Conversion efficiency of fourth harmonic generation
gneration as a function of double frequency light intensity for obtained by experimental measure and fit function versus

three different length DKDP crystals under NCPM condition light incident angle for DKDP crystal under NCPM condition

BEAb o S50 TR I T DU A AR O 14 305 35 43 A RS [R) 30 9, 43 S0 an 11 10 11 o, BT DA Y DA AT 0O S
Y 43 Aii RIS ) 398 T 360 300 AL T 3 081, JH: o 3 3 43 A 5 B8 2 %) o 30T 43 A T EsF TR0 9 B Bk 5E R 5 ns . 30 % O Bk o
Wi 32 R R DU A AR R 5 T ROE L (T, S RS ERD |
S 65 %048 51 DKDP (44 U U 8 I8 %% 5 1) S e S5 A AV DG LR B2 Ok (29.4£0.1) °C L i BB HE ST 65 %0
1 DKDP (5 A 52 30 00 £5 45 4 114 19 A 16 53R 67 DG i 38 B8 29 R 30 °C L 158 22 50 U £ ZE AT« SR 21 4 AR ASCAG T
B A TR B 5 R A B R R A — AR 25 Lk S IR 25 SR A 4 52 L 5 65 %0481 DKDP fh ik
PR AR K AR AR Y B R R X S TS 8 24 47, A A7 DG R 3L B X 4 e A BORE L 3K E T RE B B T SE e 4
SRS A5 A BN 22 5 AR BRI HESY L AE TRE R FP X DKDP 5 38 A7 0 R e 8 2 40 R
A ™ 4% L B AN AE 30 “C R M489 « #3E T 65 %, i LASE B I AR A7 DL i, W P 12 o . D i 3 4
TR HB IR A — 22 A BB, S A R8I 38 i 1 %6 B DG T A R B 386 K 0,97, A AR 7 v 3 JBE Y il a2 1
TUYL ARV R R 6 mrad. B AR L
Az =270/ (30/9z) . (8)

0919002-5



;&
%
%
2

1.0}
2
,§ 0.8}
<
£ 0.6}
ks
N 04r
:
£0.2¢
Z
0 L
-5 -10 -5 0 5 10 15
Time ¢ /ns
[ 10 POA%AEO6 Y 3T 3 43 A B 11 PO AR Y I TE] B
Fig. 10 Near field distribution of fourth harmonic laser Fig. 11 Temporal waveform of fourth harmonic laser

H1(8) 3 AT AR St AR i B TR L B AN BB R T 0.4 26 AR T =500 B2 BT B2 SR 19 20 B 3 A Y R 1
BT 2004 o PR AE 52 B o FH #4448 G104 5T PR R AT T s o
90

[0/]
¢

(o]
(=)
T

(o]
Do
T

Phase-matching angle /(°)
© o
S =

3
@

10 20 30 40 50 60 70
Mass fraction of deuterium /%
Bl 12 30 “CF DU A% A9 i A2 AH A DG L £ B DKDP & (448 51 19 28 1k

Fig. 12 Phase-matching angle versus mass fraction of deuterium of DKDP crystal in fourth harmonic generation process at 30 ‘C

(=)

4 25 2

FIEE T DKDP i R 48 5 i A R 7 JE I A A A DT BE R 1 56 R AR, FIH 65 %4851 DKDP RS2 B8l T
1053 nm G AE I 548 47 U BC Y DY YR B R 4 JE IR AR AL DE RL IR M (29.440.1) °C, SHLIS 45 R 3%
AW G . SLRIAF A TE 298 55 mrad, fIK T I 5 AH 7 VT FE X AR B2 A9BSR . EE G DU A% A O AR B 2 R
K AR h B R BT B T AE 2 GW /em® 5 5 BEAEAIOEHEZE T L3891 DKDP 544 DU A% A5 4% i 7, L5 46
BRI IR 80 %0, SLIRZE IR, Fh RIS R A0 1 2 5 i AE I A A A7 D BC A — A ek R R L BIS HES T
RN R AR i R B R B S M 5 2R 3] 0.4 %6, 3K A I 22 K AR DU A3 42 AR 1 o7 FH 4 028 7 AR AR 3

Z % X W

1 Haynam C A, Wegner P J, Auerbach ] M, et al. National ignition facility laser performance status[J]. Applied Optics,
2007, 46(16): 3276-3303.

2 Kirkwood R K, Moody J D, Kline J, et al. A review of laser-Plasma interaction physics of indirect-drive fusion[]].
Plasma Physics and Controlled Fusion, 2013, 55(10): 103001.

3 Li Zhichao. Experimental research on large-scale laser-plasma interactions [D]. Hefei: University of Science and
Technology of China, 2011.
. KREBOCE S FAMEERN SRR D], S8 hEBSHEARKE, 2011.

4 Li Xin, Hao Liang, Wu Changshu, er a/. Study of methods to reduce SRS of inner beams in ICF ignition hohlraums[]].
High Power Laser and Particle Beams, 2015, 27(5): 052001.
=R, M 5, Rig A, 4. ICF £k R EOE SRS W 5 ik Be BT [J]. SRR S5 R R, 2015, 27(5):
052001.

5 Wang Jian, Cai Dafeng, Gu Yuqiu, et al. Simulation of stimulated Raman backscatter from interaction between

0919002-6



ot % % i1

10

11

12

13

14

ultrashort, ultrahigh intensity laser and tenuous plasmalJ]. High Power Laser and Particle Beams, 2008, 20(1): 79-82.
T8, ik, Atk 5. BB NOE S WS T R EAE T 19 2 Raman SRR [T SRBOL S KT
#, 2008, 20(1): 79-82.

Wang Zhebin. Thomson scattering of laser plasmas in relevance to inertial confinement fusion[D]. Hefei: University of
Science and Technology of China, 2006.

FER. WOLRAS B 71K Thomason B2 [D]. &ML : P EFLZHAKE:, 2006.

Glenzer S H, Weiland T L, Bower J, et al. High-energy 4w probe laser for laser-plasma experiments at Nova[J]. Review
of scientific Instruments, 1999, 70(1): 1089-1092.

Xiang Yong, Yuan Xiaodong, Xu Bing, et al. Second harmonic probe system for laser plasma diagnostics experiment[]J].
High Power Laser and Particle Beams, 2000, 12(sl): 201-204.

mooE, ZERA, RO, FOHTHOCHE FIRSKSE M AR RGE T] . MEOE SR TR, 2000, 12(sl):
201-204.

Jiang X Q, Liu D, Ji L L, et al. Laser induced damage of SiO, and CaF, under 263 nm[C]. SPIE, 2015, 9532: 95320C.
JiSH, Zhang SJ, Xu M X, et al. Non-critical phase-matching conditions for fourth harmonic generation of DKDP crystal
[J]. Optical Materials Express, 2012, 2(6): 735-739.

Yang S T, Henesian M A, Weiland T L, et al. Noncritically phase-matched fourth harmonic generation of Nd: glass
lasers in partially deuterated KDP crystals[J]. Optics Letters, 2011, 36(10): 1824-1826.

Armstrong J A, Bloembergen N, Ducuing J, et al. Interactions between light waves in a nonlinear dielectric[J]. Physics
Review, 1962, 127(6): 1918-1939.

Webb M S, Eimerl D, Velsko S P. Wavelength insensitive phase-matched second-harmonic generation in partially
deuterated KDP[J]. Journal of the Optical Society of America B, 1992, 9(7): 1118-1127.

Ji Lailin. The study of harmonic generation and precision diagnostic techniques of high power driver [D]. Beijing:
University of Chinese Academy of Sciences, 2014: 29-33.

FoRAR. U ERBOCIK S AR P A e SR A 2 W B OF AU (D] . JEat: P ERR AR R S, 2014 29-33.

0919002-7



