H36kE HTH ':F‘ {%ﬁ j‘lﬁ Vol. 36,No. 7
2009 4 7 J CHINESE JOURNAL OF LASERS July. 2009

XEHS: 0258-7025(2009)07-1625-10

1 W 250 AR A 15 1 24 5 R A8 U Ay adk e

£ RREY EEK' RAEY KR REA
SEE BB RRES LAXY gER

(1 HH B2 B 06 FL B R BT T, DU AR 6102095 * Hp [ B2 B A O LG or HE A SRR A I AR 610209)
S E R BEWE S A B L A 100039

FE  FEBEA R R ACH G, 2R A & WG 2 (AO) BEAR AT I8 i 12 2 iR te ICF 306 3 5 v O o) it i /)
WEEFB. E Coo 7R B B 8 & LR AL Al G R YL AR ICF Z 484 J& I it 19 Ok H 42 AT 3 0 A%
T (DMD REBEOT ] L e ICE [ 3@ RG24 B A2 4 SOR R IR BT s itk g . 8 & TRRAL A A2 REEE Mo L7
JRRIAEE BT B A R SR A AU U T R A B AR B O AT L SR TR IE X TR I XS R O3 A B
R RCR . FTRERIRY 17 BT R DR AT 4 AR B B8 0 1 AR 0 284 mm X 284 mm . AT R T £6 pm. iR F KT
500 Hz, 7£ ICF A& fﬁ%ﬁiﬁj?%ﬂﬁ?ﬁqﬂ»xﬁﬁTﬁ?ﬂ% o Al S T S AL ) k) 2 S 3 R R T R S 3
FA BEALIF A7 66 BE T [ (SPGD) 42 i J5 15 # RE RIS RAF AOAC IE R RE .

XEIR AERNOLE B AAUR AL TTFF%IJ’” TG 5 Yo w42 4 0k

RESES TN248.1;TL6327.1 XERFRIZED A doi: 10.3788/CJL20093607.1625

New Progress on Adaptive Optics in Inertial Confinement Fusion Facility

Jiang Wenhan'* Yang Zeping'® Guan Chunlin’? Zhang Xiaojun'*
Rao Changhui'* Zhang Yudong'® Li Ende'* Xu Hong'* Huang Linhai'**
Fan Muwen'* Shi Ningping'**
" Institute of Optics & Electronics, Chinese Academy of Sciences, Chengdu Sichuan 610209, China
* The Key Laboratory on Adaptive Optics, Chinese Academy of Sciences, Chengdu Sichuan 610209, China
* Graduate University of Chinese Academy of Sciences, Beijing 100039, China

Abstract Adaptive optical wavefront control technique is an important means to improve the beam quality in the
inertial confinement fusion (ICF) laser system. The new progress on adptive optics (AO) in ICF facility, including
the 8 sets of AO systems for the “Shenguang [ll ” prototype facility, the development of the large aperture deformable
mirror (DM) prototype with the replaceable actuators used in the future ICF systems, and the AO wavefront control
technologies, are introduced. In the “Shenguang [ll ” prototype facility, the static aberrations of the entire optical
system from the front-end to the target using the 8 sets of AO systems are successfully corrected and the focal spot
intensity distributions in the target are improved. The improvement of the X-ray distributions after AO correction is
observed. A large aperture DM prototype with 17 replaceable actuators, 284 mm X 284 mm aperture size, more than
4 6 pm stroke and 500 Hz resonant frequency is manufactured and tested. The stochastic parallel gradient descent
(SPGD) algorithm based on the far-field focal spot intensity is tested and proven to be effective for the ICF facility.
Key words daptive optics; inertial confinement fusion; deformable mirror; wavefront control algorithm
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Fig. 2 Configuration of the actuators of the deformable

mirror and the subapertures of H-S sensor
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Fig. 5 Static wavefront for all the 8 lasers measured by H-S sensors at targets
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Table 1 Measured results of the stroke of deformable mirror

Number of actuator

9% (center)

67 (first ring) 27 (second ring)

+500 V stroke /pm +6.37 +6.58 +7.38
—500 V stroke /pm —6.55 —6.85 —6.96
4500 V mean stroke /pm +6.46 +6.72 +7.17
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Fig. 18 Fitted astigmatism aberration and its residual

error using the 17-element DM prototype with

the replaceable actuators
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Fig. 19 Optical configuration for experiment
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Table 2 Parameters in experiment

Component Wavelength /nm 533
Aperture
60
(diameter) /nm
Focus lens Focal length /m 7.92
Deformable mirror Number of actuators 19 units
CCD Effect pixel 255X255
Size of pixel 8 pm X8 pm
CCD precision 8
Threshold 5
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Iteration munber
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Fig. 20 MR evolution curve using SPGD algorithm, the
embedded figures are for far-field with (top-left
corner) and without AO (down-right corner)
BIERT G M2 R WL IE 20 PR, oA B b A2 A
R4 1 D M TE R B 25 2R R A O BEIE S AR .
R B8 3 6 B 8400 B ik 242 2. 85 AN A7 G Ak
B, 5 IE 5 A L 1) 84 %6 R B A2 1. 15 A7 B A
PR 5 —fk e { RE 5 AN 85 | JH % 250; MR #8545 M
34 PR 17,



1634 2l 5]

oo e 36 &

5 4 1

T e mo L7 e ke B il i 8 & TRk
H 38 NG 2E RGP RE DL S AR I B B i S g 4
o ERBAEE FYRT AENEF RENRIETE
HlL PR T3S 2 RE RS R ERIEL L, 5T X
U T A D R TR IE AR, S T B R R 22 AR
T B TR S AR BERE R o A E A I SRR A
IR UE TR IE X T - 1R ) XS 4R 4 A B R
Ho FTHESC IS5 R W, R A A 36 Y 6 H R AT LA
iR B XS R0 A A A5 BIAR R st . DT 8 e
ICF R4 HI3HE

SR ARk R ICF 4038 A W & J X H 38 W
e RGN FAR TR R T —Be 17 sk &
PRE S BT FE 5. X BEBE 1T AR N 284 mm X
284 mm. AFFERF £6 pm. iR 4R K F 500 Hz,
REA% A A00R I B A AR B SRR B 12 25 S8 8L T ICF
45038 FR K 1 48 RT3 S8 T 5 11 O B R 2R

WANEA T —Fh ik TR = 1) SPGD 4%
W IFBUS T R AR S B IE SR A R

B RMPTEIESESAEELREAR TS
THEFRAR HAAENFLN AL EFL A K
FHRME RBREENAFRER REAGHERAFRAE
EEBPREGIFEEWARA.

& X X #

1 R. Sacks, J. Auerbach, E. Bliss et al. , Application of adaptive
optics for controlling the NIF laser performance and spot size[ C].
SPIE ., 1999, 3492, 344~354

2 R. A. Zacharias, E. Bliss, M. Feldman et a/., The national
ignition facility wavefront control system, solid state laser for
application to inertial confinement fusion conference[ C]. SPIE,
1999, 3492, 678~692

3 R. Hartley, M. Kartz, W. Behrendb e al., Wavefront
correction for static and dynamic aberrations to within 1 second of

the system shot in the NIF beamlet demonstration facility [ C].
SPIE ., 1996, 3074. 294~300

4 J. Waxer Leon, J. Guardalben Mark, H. Kelly Johner al.. The
OMEGA EP high-energy. short-pulse laser system[ C]. CLEO,
2008 paper: JThBI

5 J. D. Zuegel, S. Borneis, C. Barty et al.. Laser challenges for
fast ignition [ J ]. Fusion Science and Technology, 2006,
49. 453~482

6 Jiang Wenhan, Huang Shufu, Wu Xubin. Hill-Climbing adaptive
optics wavefront correction system[ ] |. Chinese J. Lasers, 1998,
15(1) . 17~22
FECN, FEAGEE RO, T Ik [ E NG P AT E R LT
P EBE, 1998,15(1): 17~22

7 Wenhan Jiang, Yudong Zhang, Hao Xian e al.. A wavefront
correction system for inertial confinement fusion [ CJ. Proc.
Second International Workshop on Adaptive Optics for Industry
and Medicine , 1999, Durham,England.

8 Yudong Zhang, Zeping Yang, Haifeng Duan. Characteristics of
wavefront aberration in the single beam principle prototype of the
next generation ICF system[C]. SPIE, 2002,4825. 249~256

9 Yudong Zhang, Zeping Yang, Chunlin Guan et al.. Dynamic
aberration correction for ICF laser system [ J 1. Springer
Proceedings in Physics » 2005, 102: 261~271

10 Zeping Yang, Ende Li, Haiying Wang. Adaptive optical system
for a large-aperture Nd: glass laser for ICF[C]. SPIE, 2004,
5639. 21~27

11 Yang Huizhen, Li Xinyang, Jiang Wenhan. Simulation and
analysis of stochastic parallel gradient descent control algorithm
for adaptive optics system[ ] ]. Acta Optica Sinica » 2007,27(8):
1355~1360
WMEY . FHM. Z 30, BIEN G R G AT R EE T B
ARG S ML) 25 F4%,2007,27(8) : 1355~1360

12 Yang Huizhen, Cai Dongmei, Chen Bo e al.. Analysis of
adaptive optics techniques without a wave-front sensor and its
application in atmospheric laser communications[ J]. Chinese J.
Lasers ,2008,35(5): 680~684
WS B W W SE. TOUEAT AL IS S O A HR T A
KA A5 B 4R BT L], P Bk, 2008,35(5) : 680~ 684

13 Yang Huizhen, Chen Bo, Li Xinyang e al.. Experimental
demonstration of stochastic parallel gradient descent control
algorithm for adaptive optics system [ J]. Acta Optica Sinica ,
2008,28(2): 205~210
WMED R WA SE. IS OGS R GBI TR R R
P Sk LI R[], 6 F 5 4R, 2008, 28(2): 205~210

14 M. A. Vorontsov, G. W. Carhart. Adaptive optics based on analog
parallel ~ stochastic ~ optimization;  analysis and  experimental
demonstration,[J]. J. Opt. Soc. Am. A., 2000, 17(8): 1440-1453



