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Abstract The effect of transverse stimulated Raman scattering (TSRS) in large-aperture KDP frequency-conversion

crystals in high-power solid laser drivers operating at long pulse duration and higher energy fluence is studied. The

relationship between maximum of the intensity and fluence of Stokes field produced during Raman scattering, and

pulse widths of pump laser as well as crystal edge reflectivity have been presented. The result shows that the

maximum intensity of scattered light always increases exponentially, regardless of pump laser duration and crystal

edge reflectivity. The expression of the growth coefficient G has been presented. The maximum fluence of Stokes

can be as high as 10 J/cm® approaching the damage threshold of KDP crystals, once the growth coefficient G exceeds

25, where the risk evaluation rule of TSRS in large-aperture. high fluence KDP crystal is defined.
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Fig. 1 Calculated Stokes intensity and fluence versus

pulse width of the pump laser while neglecting the

reflectivity of crystal edge
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Fig. 2 Growth of Stokes field with increasing g1, L
while neglecting the reflectivity of crystal edge
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Fig.5 Maximum intensity peak of Stokes versus growth

coefficient G with different pump laser durations

and crystal edge reflectivities

7 & B [ AN R GE (1 S5 58 0 5 1) KDP A4 k7 2
o a R B R A7 A BRI B 22 5 [N i R T g
= KDP #1kF SRS 3 £5 2 50yl &, 5 A 0 2
LRSI 35 REAHE N ZMET A3 5 A%
tH ) TSRS 5 S0S A 1 RV H 85 1 38 R M, 181 7
i TSR £ R AR BUR O R (13) 4
Y G ARG AR AT A SCHE 5 19 TSRS XK

0502011-4



O K IAR KDP R 5850 e i) 52 9L 2 BIUR KU 0 415 1 5

= igj' —- 12 GW/em? 1
= sF - - L5 GW/em? i
S 10%F —-20GW/en? i)
2 10°F — 22 GW/em? o 1
[ 101 r 1
& 0
=100 :
% 10| ]
= 102 r q
=107 :
¢ 10+ /
% _ r 1
Ry i oo
5 10 15 30 35 40

20 25
G

6 T A A A S S A [ 132 S 3 T 4 e e
R FEBE G A BE R A
Fig. 6 Maximum fluence peak of Stokes versus growth
coefficient G with different pump laser power
and crystal edge reflectivities
IR B G Xt b O 1 4 5 8 36 7 MO R ik
SR PR

10—

102 —=— g:0.23 cm/GW
e g=0.30 c/GW
10'[ —ag=0.40 c/GW

10°
10|
102}
10}
10}
10

Stokes intensity peak /(GW/cm?)

éi 8 10 12 1;1 léi 1|8 2‘0 2|2 2‘4 2|6 28
G

&7 AN [ B 1 £5 2R H0Y b AR Rk e 0T A o 0
SR BE G A A
Fig. 7 Maximum intensity peak of Stokes versus G in

crystals with different Raman gain coefficients

4 2 e

AR 20 50 2 B 6 R 2 0B B A R R K
SR AT i [ A KR HE T T AT K TE ) ks ik vp AR
AL SUE U E Y ETR=3 k¥ € Y &4
TSRS & 4 85 6 35 K 9 fif A 3235 =X 48 8 B
SRR R R BOR KA AR K ARG
B — Mg ik, fRRE ICF 8K 25258 B = %45 KDP &
WRRTE MBI RN GEAKRT 25, FFR
SZEG IS E P2 KDP 19 TSRS # 25 28 50 LA B b 4 ]
1R BVAT3E Ao 25 A A A XAk A5 Y ICF 3K
gty KDP Sk =500 % i 1l R IR % 1
NS EN AR R B IE R RR S

Bt

2 % x #t

1 Ge Ziming, Lii Zhiwei, Lin Dianyang. Review of the non-linear

optical effect in the high power laser system and the damage of the
optical component[J]. Laser Journal, 2002, 23(2): 12~14
BHEW, BEMA, MBI, 5RO AR L RON B2 T A 1
WrovikRLI]. ok &, 2002, 23(2): 12~14

2 Liu Hongjie, Zhou Xinda, Huang Jin et al.. Ultraviolet-damage
mechanism of fused-quartz optics in high-power laser[ J]. Acta
Optica Sinica, 2009, 29(s2): 10~14
XIZill, FfEk, # JF % KROBE G 3O6E T Rt bl
HICI]. 3R, 2009, 29(s2): 10~14

3 Zhou Ping, Guo Shaofeng, Lu Qisheng et al.. Steady-state
analysis of transverse SBS in optical materials[J]. High Power
Laser and Particle Beams, 2004, 16(1) . 14~18
JA M, S8, BUEE S LA R P B SBS MR A T
[JJ. st aF &, 2004, 16(1); 14~18

4 Guo Shaofeng, Lu Qisheng, Cheng Xiang' ai e al.. Damage of
optical materials induced by SBS process under biharmonic laser
irradiation[ J ]. High Power Laser and Particle Beams, 2003,
15(3): 229~233
2R, BiEAE, BIE . SUEBOCHERT SBS @ik S
Bt AR IR T ], 38k 55 45 F &, 2003, 15(3): 229~233

Chen Fei, Meng Shaoxian. Damage of optical glass materials with

ol

2 ns large aperture high power laser[ J]. Acta Optica Sinica .
1998, 18(10): 1362~1365
BR 6, . 2 ns KITAR R SR B0 X G5 B8 b R
FEL1]. e F 53R, 1998, 18(10): 1362~1365
6 D. T. Kyrazis, T. L. Wiland. Determination of SBS induced
damage limits in large fused silica optics for intense, time varying
laser pulses[C]. SPIE, 1990, 1441; 469~497
7 Li Keyu, Wei Xiaofeng, Cai Bangwei et al.. Transverse
stimulated Raman scattering in triper of ICF driver for long pulse
[J]. High Power Laser and Particle Beams. 2003, 15(8).
776~780
AT, BLbelg, BROLYE AF. ICF 3R 84K Ak oh F = A5 050 & 44 o
R ) 22 R 2 HO )], Bk 5 B F k. 2003, 15(8):
776~1780
8 Li Keyu, Wei Xiaofeng, Ma Chi et al.. Calculation of stimulated
Raman scattering of high-power laser driver for ICF in harmonic
conversion J |. Chinese J. Lasers, 2004, 31(2): 164~168
BT, BbelE, T Bt 45, ICF K3l #3108 I e 4o i i v 32 ke
ST LI]. F Bk, 2004, 31(2); 164~168
R. A. Sacks, C. E. Barker, R. B. Erlich. Stimulated Raman
scattering in large-aperture, high-fluence frequency-conversion
crystals [ R ].  Washington: Lawrence Livermore National
Laboratory, 1992, 2(4): 179
10 C. E. Barker, R. A. Sacks, B. M. Van Wonterghem e al. .
Transverse stimulated Raman scattering in KDP [ C]. SPIE,
1995, 2633. 501~505
11 S. A. Belkov, G. C. Kochemasov, S. M. Kulikov e al..
Stimulated Raman scattering in frequency conversion crystal[ CJ.
SPIE. 1995, 2633. 506~512
12 V. N. Novikov, S. A. Belkov, S. A. Buiko ez al.. Transverse
SRS in KDP, and KD* P crystal [C]. SPIE, 1998, 3493.
1009~1018
13 R. L. Carman, F. Shimizu, C. S. Wang e al.. Theory of
Stokes pulse shapes in transient stimulated Raman scattering[ J].
Phys. Rev. A, 1970, 2(1).: 60~72
14 Y. Lin, T. J. Kessler, J. J. Armstrong. Laser system power

©

balance effects from stimulated rotational Raman scattering in air
[C]. SPIE, 1993, 1870 14~25

15 E. Bordenave, T. Chies. Numerical stimulation of stimulated
Raman scattering in LIL transport section with Miro propagation
code and comparison with ENOLIT diagnostic result [J]. J.
Phys. IV France, 2006, 133(1): 661~663

0502011-5



