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Abstract Based on the segmentation characteristics in space frequency of wavefront distortion, a new
method of constructing wavefront distortion is proposed to study the relationship between wavefront
distortion and coherent beam combination (CBC). Taking the structure and parameters of SG-III technical
integration line as a model and using Monte—Carlo method to realize the simulation, the effects of low and mid-
high frequency wavefront distortions are analyzed. Moreover, the corresponding relationships between the
low, mid-high frequency wavefront distortion and the result of CBC are established respectively. The results
provide an analysis thought and a theoretical reference of wavefront distortion correction for CBC in high—
power laser facilities.
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Fig.1 Layout of four beams in SG—III technical integration line
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Fig.2 Optical near—field distribution and far-field focal spot. (a) Amplitude; (b) phase; (c) far—field focal spot of optical near—field

distribution in Figs.(a) and (b); (d) ideal far—field focal spot
% s,=s,, HAE[40 mm, 340 mm]|[H] DA 1 em (1% ] B% 328 15 25 Ak 98 Lb ) 32 50K, 1 206 3% 30 i A A7 RMS {E

FE[0.04A,0.15A][E] L 0.0 1A (1) [1] B 28 38 A8 Ak o DL B o 09 U 1T AH 442 RMS {8 R 8 U 1T RMS. I 3451 T
5210 S F Py 5 I HT 25 8] ROE AP AT RMS B X R SE &R o T LUE Y, 7F s.=s5,€[40 mm, 150 mm |5 [l N, 24 3 A
RMS — & I}, Bifi % 25 [A) JUJE B 3G 0, S B AR b 28 [ AIK , TT0 Po 328 0 T 8 5 7E 5.=5,€(150 mm, 340 mm |11 78 [l 14
MUEHT RMS — B, S F P T A g o Y28 ) RUBE — 5 B, Bl 25 % /i RMS A 184 i, S T Po AR I S B IR . B
i T 2 ) RURE R i RMLS 1 SBCMR ¥ BT 6 A7 5008 05 1, 7T LAAS 2T 22 149 S L Py 55 98 i 25 1) RUBE R AP RMS
BT I 56 2 o FEFEAT AR T & U, B 8 Bk BN 60 S B Py L T LAAS B AE — 52 23 18] R T JERT RMS 75 B AL
1E B35 Rl o

b )
250, I I
g
EX0Y o
w1505 r
100 )
%

50

Lo

Lo

[l 3 S Il Py it 3 715 25 (7] ) FIJE AT RMS Y7284k . (a) S; (b) Py
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4 a F b 53 S TE[0.5,1], [-0.4,-0. 1]/ 5 Bl A 0.05 19 [1] B 35 384 A8 £k, 43 B S F Pu i A8 4k, Z5 S a1l 5 o o
MES AT LA, 2 a— @& 0F, BEE b A3G I, S F1 Py # W b T s 24 b — @ I, BB a IO 1G0T, S R Py R W] 4k
Ko [RIER ML, JE A o A1 b (1) BE Y LA T 2005 B, v AR 20 TE 200 SR Pu 5 o T b ST I O &R o 48 8 BEiL 3
[ S T Py, 3t AT LAAS 31 o R b 04 B Y BB, hy 0 17 IRy 222 42 o) 4 HEAR 3%

0602010-4



-0.1 -0.1 B 7

—02 / / ' & —0,2/ M/}Q ? QM F ¥
< < /
& A « / X F T
-0.3+ / N Q/ -0.3} R / Pl “Q-/an\
N /Q P /
—0.4/ R = SEVS N4 -04 & & IS A\Qb/
0.5 0.6 0.7 0.8 0.9 1.0 0.5 0.6 0.7 0.8 0.9 1.0
a a
Bl5 SHI Pl a F1 b, (a) S; (b) Py
Fig.5 S and Py variation curves with @ and b. (a) S; (b) Py
4 %5 1®

DA O — LT D 80 24 2 (3% 5 46 0 2 B g A5 480 3 ok A 36 A ) A0 B (%) T8 i g A, 1) T S8 o R 20 ikl 9 1 iy
Ty R4 B 22 6o A T A 04 SR R P R AR 2 B O AR o IO R A I AU R AR 2 s
TC 3 £E BRI A R A2 1R AL S BRI ON) , 32 9 R e AT, 55 R B 3 0, b v A T M L R 2 L 3 £ B Y B
Bk B A2 53R 2 68 5 BUE BUSOT 0 b BRARA RLRERE . 53 Ah 38 45 1 T M Ip iy R AR A
T S F Py 55 ik i A ) RUEE R T RMS B %R G 2 DL K v 400 3 i B AR A L SR Po 5 a B b B XT R R
MR A 5T 45 R FEFR € A TG BGRB8 ST P FE AR T, AT LU 21 HT RMS 25 (8] RUEE Rl a b B HUE Y5 ]
Ry v T FE OB B R TG T R Y I8 I R AR A o BRI — o B SR B A 2

& E i
1 Fan Dianyan, Zhang Xiaomin. Laser fusion and high power laser: history and progress|J|. Physics, 2010, 39(9): 589-596.
TWETT, TR/ SO R AR 5 T SO Dy s S R ()] PR, 2010, 39(9): 589-596.
2 Li Hong, Wang Dongfang, Zou Weli, et al.. Design of high power laser beam automatic alignment system|[J]. Chinese J Lasers, 2013,
40(10): 1002003.
AL, BARD AR 6, S m D EBORRE B R A S B RG] TP E O, 2013, 40(10): 1002003.
3 D Umstadter. Relativistic laser—plasma interactions[J]. J Phys D: Appl Phys, 2003, 36(8): R151-R165.
4 S V Bulanov, T Z Esirkepov, D Habs, et al.. Relativitic laser—matter interaction and relativistic laboratory astrophysics[J]. Eur Phys
J D, 2009, 55(2): 483-507.
5 K L Baker, D Homoelle, E Utterback, et al.. Phasing rectangular apertures|J]. Opt Express, 2009, 17(22): 19551-19565.
6 A V Bashinov, A A Gonoskov, A V Kim, et al.. New horizons for extreme light physics with mega-science project XCELS[J]. Eur
Phys J Special Topics, 2014, 223(6): 1105-1112.
7 N Miyanaga, H Azechi, K A Tanaka, et al.. 10-kJ PW laser for the FIREX~I program[C]. J Phys IV, 2006, 133: 81-87.
8 Mu Jie, Jing Feng, Wang Xiao, et al.. Error control of piston and tilt based on SPGD in coherent beam combination[J]. Chinese J
Lasers, 2014, 41(6): 0602002.
AW TG, T AR E T SPOD SEIk YRS DR 22 AR DR 22 4 ). P RO, 2014, 41(6): 0602002.
9 R J Noll. Zernike polynomials and atmospheric turbulence[J]. J] Opt Soc Am, 1976, 66(3): 207-211.
10 Jiang Wenhan, Yang Zeping, Guan Chunlin, et al.. New progress on adaptive optics in inertial confinement fusion facility[J].
Chinese ] Lasers, 2009, 36(7): 1625-1634.
L SCDL, M PR, AR, AR S R A BT 24 TR A U P A 2 FRE (], RO, 2009, 36(7): 1625-1634.
11 Guo Ailin, Zhu Haidong, Tang Shiwang, et al.. Residual wavefront aberration of high—power laser facility[J]. Acta Optica Sinica,
2013, 33(8): 0814002.
SRR, ARUGAR, FEAIE, 5. & D R EO6IK 288 0 i AR R R 2 WFAE (). SeE 24, 2013, 33(8): 0814002.
12 J E Murray, D Milam, C D Boley, et al.. Spatial filter pinhole development for the national ignition facility[J]. Appl Opt, 2000, 39(9):
1405-1420.
13 C R Wolfe, J] K Lawson. The measurement and analysis of wavefront structure from large aperture ICF optics[C]. SPIE, 1995, 2633:
361-385.

14 Liu Hongjie, Jing Feng, Zuo Yanlei, et al.. Study of the dividing method of the wave—front spatial frequency of the high—power—laser

0602010-5



S I S

beam[]J]. Acta Photon Sin, 2006, 35(10): 1464-1467.
RIZLBE, 5 W, /5 @, A5 e ) RO AR % a0 R A0 53 B BF ST (7). 06 F 5#4R ., 2006, 35(10): 1464-1467.

15 X Xiao, D Voelz. Wave optics simulation approach for partial spatially coherent beams[J]. Opt Express, 2006, 14(16): 6986-6992.

16 Y Yang, H Luo, X Wang, et al.. Wave optics simulation approach for high—power laser beam combination[J]. Opt Commun., 2011,
284(13): 3207-3210.

17 J K Lawson, J] M Auerbach, Jr R E English, et al.. NIF optical specifications—the importance of the RMS gradient[C]. SPIE, 1999,
3492:336-343.

18 D M Aikens, C R Wolfe, ] K Lawson. The use of power spectral density (PSD) functions in specifying optics for the National Ignition
Facility[C]. SPIE, 1995, 2576: 281-292.

19 Zheng Wanguo, Zu Xiaotao, Yuan Xiaodong, et al.. Damage Resistance and Physical Problem of High Power Laser Facilities[M].
Beijing: Science Press, 2014: 4.
KBTI, AN, SR IGEAR, A5 8 D RO B 00 0 AR I B O OC A JL R A M. L BT B R, 2014: 4.

EBEHRE: R

0602010-6



