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Research of Transport Beams Arrangement in Target Area
for Large Scale ICF Facility
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Mianyang, Sichuan 621900, China)

Abstract In the target area of large inertial confinement fusion (ICF) facility, the rectangular beams arrangement
at the main amplifier output is mapped to the spherical-geometry beams configuration near the target chamber. The
beams are imported into the final optical assemblies with special angles. The beam transport system is designed based
on the beams arrangement. The beams arrangement should meet physical and optical requirements. At the same
time, the construction cost and the maintenance performance of the beam transport system should be seriously
considered. In larger ICF facility, the beams arrangement is much more complex with the increase of beam number.
The beams arrangements of the large facilities in the world are analyzed. The relationships between the beams
arrangement and the layout of beam transport system, the opto-mechanical design and the maintenance performance
are discussed. Some advices of the beams arrangement are given for the ICF facility with much more multiple beams.
Key words laser technique; transport beams arrangement; inertial confinement fusion; target area

OCIS codes 140.3460; 140.3580; 230.4040

1 5  F

S ARAS s A A RE T TR 2 AR SR AR (TCE) WF 53 19 R B0 2% R T 2 A0 1T . 2009 4F i
F4 S ] ) 5%k 2 i (NI T 2 24 A i il e i K ICF 3063 . 76 238 192 REOER #2147 1, 34 8 2 AL
iy 1.8 MJ RERES . Rk A HR B (LMD H oAl e @ Y KB TCF % 1, 565 30t it it A it
NIF A2, 5k 1 240 JEEOCITHE . 3R ETE Ay o6 T 010k 8 oy B N BB i R 1 TCF 268 L 246 B i i e it
Bt 107 TR 48 SHOLITHE.

KA ICF WOt s R AU 2 B OO T8 18 0 R G5 i i s 06 06 908 V47 9 4 4 i

R B 2012-09-20; YRR BH: 2012-10-11; MLEHRBHE: 2012-11-21

EETHE: XK 863 1% (2007AA804217) Fl vt [H L2 My BLAF 5% Be b 2 £ AR & R JE 4 (2012B0203021) % B PR .

EZ R EFEWA979—) Lo 4, TR, 322 S P 19 29 T 3R 718 ¢ OB LSS 0 B Oy Bk ot .
E-mail: wangmc(@ caep. ac. cn

*» BIEBEE Ao Email: zhumz@-caep. ac. cn

011403-1



50,011403 MM SYBIZHRE www. opticsjournal. net

AL T HE P BT B L A5 BB T SR P AT D6 A SR R B LA BR R A 1 A 283506 2 R 58 (FOA ™ e & 52 1)
O TR B T F 2 S R TR A A T R 2 RO AT O B HE A BRI O ' U7 A3 ] Y AR E 1)
Frucit» L2 RS ' oM F2 00 3 e i s 194 F- A7 B4 91 1 A 5% 48 Sy B R B O 10 3RO A . B0 0 R R 4
SETECEEHEAT 922 51 R & SR 2 B i SO B S BIOGSR 10 51 5 4% i » A0 45 S B 85 B 2R DL BOL U T8 458 e AL
BERE . ASTE] G B HE A A R DG AR i R GE ) B SR B AR A R DGHLEE R BT R R G 4R P RS

Wt 5 i ) RE R A3 L A TR I SRR U 52 B T Bk AR R ICT ¢ 5 B SR AT 2 O TR Y
e o L 7 A2 A 1 B I A LK W 9 R . AR SO A T NIF VLM Al 1T 45 K8 ICE 3¢ & 9 4 3 1%
B s S AT R W R ) BRI 24 R A AT B T e T O B SR R O A% iy RO R
555 [l IR TS 15 6 B HE A DI OC Y 6 1% i 2R G A Jey B BILAS H B R 2R G 2 3 45 1] AL, LYY O 9 ) 4L
Z R ICF 3 E NG L Motk HEA R 2 % .

2 R ICF 3 B AL 16 5ot % kA
2.1 NIF

NTF PR U B 88 AR5 1R % « 1 2 MK R 20 o o i 22 e L X 00625 40 3 32 A
D454 UK R 1 A OB . — I BOEHEE BLFFIIEA 9 6 AL AR AR ALY 42 Yl sl
2y NIF $L35 (G5 06 B 00 3545 NIF B35 DU AR (20X 2 skt 91D b P AT R A (64 . 6 1 F o
BR AN PUREEA A SR 2520 23, 57,307 44, 571 50°, KA A A X1 I S SRBCRE 43 B0 4,488, M AE %
) 6 5 4 £ 25 AR B B YR K 6274 m By 12 m

B 1 NIF“U” T AR A6 5 &l 2 NIF gL ok i CF 2R
Fig. 1 U-shape general layout of NIF Fig. 2 Transport beams of NIF target area (lower half)

WE 3 iR, NIF A3 (8] 58 % 2% SF4 fi i 4 K LM6
YeZeid LMA~LMS % 5 S S8 5] % .3 A FOA. i y />LM7
SCH)PKHL E PD (TCC), 36y Bl 12 75 2 7 i kx PN\
LM4 1 LM5 ¥ 5 05| 5 2 58 E (%) & B A 5 {7, LM5 z QIES '
LM6.LM7 il LMS i T/~ 5 18 F i 1y - LM7. LMS, S e
FOA fil TCC HLhb7E — N2 L PN, #a LR
LM5 5] 5 10 (64 8] LM7 bk U 265 4 B e
SRR 51 B AT A SF4 F]35 FOA, [l 3 NIF 477 06 1 i i 72

NIF #3796 165 Z G i tn & 4 FistY . 44 832 Fig. 3 Beam path in NIF target area

Bt iy SRR LB U 6 TRGE 1] 43 A0 A OG RCEE R A T . ARG D' B HE AT L 0 B S 3 XY % B B S A v A A
TEAL THUE R PR ZS WA . A 3 Bz NIF St HE A 6 7] — S5y LM6 . LM7 Rl LM8 1) # X 1
BT ARE /N s DAE T4 5 LA S 3 B AE 6 m] BT 4 0 (LRUD B b SO e — DAL G 48 b R T 42 S
LA 1 AR R S DN S PR A AR P o s (] FE A BRI S 1) X Bt B LRU BEAT SO X 28 S A B S HE 4 —
T L A O DX A SRR AR b o 55— 0 DU 80 2B A AR S [ A SR AE AR R T DR R B S B Y G B s A A 2L
NIF 't 6 HE A1 9 25 6 R S8 SR /D 7y B 52 36 X ot 0RO X0l ) 2% S S 4 2 3 A il B e 3

NIF SE oA S AN B0 A7 1 i 10 48 TR P 0 1R) A5/, LM A LMIS BB il 2 <2 4] 309 S 2 48

011403-2



50,011403 MM SYBIZHRE www. opticsjournal. net

(LRU) i LM6 ,LM7 F1 LM8 Wit 1 X2 FEa 0hg B B8 LRUS I IE] 5 FR . SB35 4 i S #f
TE 12, 2°~A5° (35 [l 728 1k R S S i AN 22 NITF B 403 Sz S48 LRU I 11 26, UA )T 45 4 i 1
Pl st

LM6
LMS8
& 4 NIF %8 5250 KOG A8 i R Ge A €5 NIF #7006 R o 415 LRU
Fig. 4 Layout of beam transport system in NIF Fig. 5 Laser mirror LRU of beam transport system

experimental bay in NIF target area

2.2 LMJ

LMJ %68 % T “In-line” 84 {1 S AT Jay o Q0L 6 7R 0L iU AN F2 080K 28 58 15 19 43 590 o 1 48 37 1 W A0 L)
B PO I RO FRHRA . EBOR R Gk 4 X2 A RBOG R A A P R FERCR R G 7 AR
204 34 R Ja SRS HEAT s FA P X A ) 2O R GE M B i 8 AR L 35 i A B HEA .

7 LMJ #8351 b3 A8 S e e HEAR ) OR T 2 X2 BEAN E A i O X, 60 AN EESRAESE AR )G
PN BT IS AR ER I IR AR A 20 200 337 V497 59. 57 B A A 6 R 4 R
R 10 A~ A EEE A OGREAR F] ML i s ) 08 I 2 Hh B R AE B 2 40 mTY

K 6 LMJ“In-line” B S 44 i J5
Fig. 6 “In-line” general layout of LM]J 7 LM]J ¥ 4% i B AR 0 (235840
Fig. 7 Transport beams model of LM] target area

(upper half)

LM]J $8 56 AL i i A2 ] 8 st N B OR R Gt B0 b R &k MT1~MT6 %5 6 i S 53
(51 S A% . o MT2 MT3 MT4 F1 MT5 HAE — >3 BTN 3% A4S @ BE 5 ) B ep e 24 F MT1 A
MT6 Z ], MT4 MT5 . MT6 FlH#L.C M HEAE — A~ 2 11 9, MT5 B SR TE A 0 N 51 5 2408 1Y &
JE MT6 KRG BRI BERG . 76 F WO R GR35 HE AT 7 20R) 52 B [R] 6 2 1 L ik
b E AR MT3 . MT4 Fl MT6 f947 8 S B 6K B G FRAH T

K9 LM] St R AR LMI B0 e RSt i £ I S it s B T8, LM] #3°%
FHY 0 BE 7 1) b 43 )2 0 S B HE A o e I 2 P 0 5 S 5 R o B Sy % AR TR 3 2 i SR A L T B S
HhC B 1 TR B P L AT DR 3K I 4 8] 9 AT 6 A% i &R e A s Rt TR D2 9 g MT3 . MT4 Fil MTS 2 [i]
F14 B S AT DA AN i /N B B BT S B R R Y

LM] (58 37 6 B HE A b s o AR 2/3 A 88 3R 22 18] DA AN O — 41 & A 58 S AH L 58 S T A 4 R[]

011403-3



50,011403 MM SYBIZHRE www. opticsjournal. net

A= JI == meridiéﬂ )
i e
-~ tropical R MT3 T
Seplane MT2 gy
C Am
focal poix.{t’“\"‘
B8 LMJ B0 o 5 4 42 9 LM] B EH R G R
Fig. 8 Beam path in LM] target area Fig. 9 Layout of beam transport system in LM]

target area
— LT NITEASEE WA 7 . BRILCLAL BT G B B 3 X R AT A 52 21 SR Bt HE AT o St
BETELRAEd S 4t T R AF iy T aA
2.3 WX ENEE

WE 10 Frs, dfot TI S ALRE B R LR A R A /0 o R OR R G 53 1 — ) o o O 50 kA
196 A~ 4 X2 MRG0 A AL WO A A 2258 35— 0 1 2 21 32t s 20 )5 2 AW BRI X

11 R E AL B A6 R HEAT (1 Pro/E SR, S35 DAARON S IR TG R G i . DGSRAE R 2Bk 4y
PUBRTE A AR A 50 0 24k 28.5°.35°,49. 571 557, 43 Il X i (g Y R Bl i ol 4,48 A 8, AL E R

switchyard

main amplifier

B 10 #e TIT E L% & B4R
Fig. 10 L-shape general layout of SG-III main setup B 11 R TIT 32 L%E 0 3 1% i % i HE A
Fig. 11 Transport beams arrangement of SG-III main

setup target area

MR R G 5 HIE R LE 5~ 7 BB 51 & v Y
Rtk A FOA. B 12 BroR il 28 7 e S 5 i S8 7 PO ‘k(:

st i s e HC e LM2 ~ LMT 240 75 o] — 5 B F 1

L LM6 L LM7 RIS AE — NP . LML Rk e/

BT E R MR AR E A LM2~LM5 193] 5 M3 7 Foa

HEAREAE 19 25 2% T B5JR PHe IS B R 51 B & N 1o 106

FOA, it i# LM3 . LM4 fIl LM5 76 % % i 47 & e

BRI M0 VA 4R e T R 2 o

PRI 35 LM5 8% 7 45 25 LM4 fil LM5, 3 £ Bl 12 #io TIT R AL o A0 7 R S A2 4 I 2

it 5 ﬁ%EZ 6 ﬁ%ﬁ%ﬁ%ﬁﬁﬂﬂ%ﬁk%ﬁiﬂ@%l%%ﬂﬁﬁo Fig. 12 Typical beam path in SG-1II main setup
13 e T R P18 B 8B et b R G A = L rareet area

§% 276 Yo S EE . HUP 96 eS8 S S e G ALK 10 £ 2T & L4 180 e S S8 4 A 7 B IR B X 4% 19

JERRAR L S SR FH LS AR A 2 4 10 3. M KA S B LRU SR FH 2000 57 4 28 g o (L7 D16 3K

011403-4

TCC



50,011403 MM SYBIZHRE www. opticsjournal. net

N BEAL O R A TR 2 RO B LRU JE R 52
PEAE— A SO b EHLEEE B0 B HE A e ) B
DXAFAE— B S A 0 S S 45 19 46 37 10 3 B 6 3R A8 3l B
PRk SR T BT PRPR BRI 44 4 L T LAl
PROFEIRBR » ADRIE S B 447 368 18 1938 4 1

3 3t ®

PE R K ICF 36 8 i NIF, LMJ 1 #f % T 32 H %
B RS 4% o s HE A A A KR L AR SR A JR) U T
NIF #1 LMJ X3 Bt 5k, e T =003 S T 2%
PG TREETR R R T L B SRk T R, it
T T ML B R L5 NIF f1 LM i T s it
Z BIR 2 X2 UL, AR U7 L NIF g RS 6B L i, b o AEE K B i AL B R 62~T74 m;
LMJ Fipfot T 4185 R 55 R AL 4 LMI EHOR R G 3C A5 HEAT G R B A B 2 08 AR IX, TR O 72 0
K40 m, M6 T EPL%EE BT 28 48 SRBOC M X i — ik A BRI . 20 86 m, MR ST B 5 K E .
NIF 3 i 500t fe /0 1 S5 B3 58 25 SE A 5 1 S R, 1 LM R TID ML B0 T Se Bl S8 6 YR
TR AN A 0 RGBT . 7R AL i B AR O T RO TIT =ML B R NIF Y7 6] — 26 B 5F 1 99 5tk
FHEAT 515 FUE i S B A v 40 A A [R] — g BESF- TED PN 5 1T LML A6 28 41 1T P 35 0 T e S — R SRS 4 3k il
O RS i AR VT A R DGR B TR B 0 S BT S SR A e B T I B 43 2 HE AT A3 T TR S T T AR
14 S 55 45

KA ICE % & i TR B £ AL i R G A0 Jm DL B 45 I 5 4 114 42 8 A 2 7 119 3 3 0 4 1) 389 B 3 R
K. TEEZBOCTTHENE 0T - #8375 4% % O 3 HE AR 52 21 88 A9 Bk R B4 3 R AR O A7 KB TCF 388 1 %
Tk C AR RRIE N T 2 O TH G D0 75 22 . 100 X T8N A A BE 5 R B NIE 1A% i 6 6 1
TFo B FHAER 77 & 23 [ B 00 AT RE S B0 7 K — 2 8] PG G T 2 4 0 AE B0 LM O 4 b b )
JZ2 5 WSRO AR B E— 5 1N () I 2k 2 SR T HA% A D' B BT IR 4 8] 2 P S B 2 A S S B A A R ) R
PRI ¥

JFUEN L AR AT LA NIF \LMJ Fipfole TIT 3= M08 8 A6 % HEAR dh A5 2000 & b B 2 OE T4
(4 TCF 2 B (1% 38 37 1% i ' % R A1 S A 3L

1) S ARG N A5 AR R X #E AL G B HE A AT AR I s . AL OGO B 2, SO Y Bk
— 7 T 5 B0 i AR R R B R AR O B 2 TR 58 SUKE £ 5 ) — T AL 4 B 0 B B B AR R
ENiO= S DI

2) RPFRE B 5 1 2 B R AT R A R TR P BSOS B S BN O R B A A o

3) I A% R T AR R AR O = BT A% iy R L B IR i AT DA B R A4S i R g i AR
BLEE AR T OUAG i R G Ai 7 35 i RS e P e .

4) SGEEHEA I JEOC AR i R A RIS BT . 8 LM] R A& AR O BRHE A TE B B BRIt 2 A
rhE]JZ S DA e Bl v ] )23 253 T 55K 108 0] R0 5[] B o 4% i O % HE A 150 I PR TIE DG ATL 45 1 5 T 19 3 B 4

13 Mo T EHL B YO E M R G
Fig. 13 Layout of beam transport system in

SG-III main setup target area

L B

ASSCHRIA T NTE LM U UL L5 B0 e AT . 1 56 2 RO TR0 TCF S o 5 2 i
4 0 10 01353 6 5 i A 1 At e S0 SRR ARG ST M A 7 20 450 Py B B 4
VB B A 02545 B TR R R A S RS R R RO R .
O B A 11 1 460 7 5 10D A JHE A 00 % 0 1 8 56 3 L 58 T R 56 24 7 i

011403-5



50,011403 MM SYBIZHRE www. opticsjournal. net

5 F X W
1 Edward I. Moses. The National Ignition Facility (NIF) ; a path to fusion energy [J]. Energy Conversion and Management ,
2008, 49(7) . 1795~1802
2 C. Haynam. NIF Laser Capabilities [R]. Livermore: Lawrence Livermore National Laboratory, 2012
3 J. Ebrardt, J. M. Chaput. LM]J Project status [J]. J. Physics: Conference Serie, 2008, 112(3): 032005
4 Michel L. Andre. The French megajoule laser project (LMJ) [J]. Fusion Engineering and Design , 1999, 44(1-4): 43~49

5 Li Ping, Liang Yue, Xu Bing et al.. Study on gain stability of main amplifier in high power laser facility [J]. Chinese J.
Lasers, 2012, 39(1). 0102007
FOF. BOME fR K A R RBEOLE B O S iR s REERT LT ). P Bk, 2012, 39(1) . 0102007
6 Zhao Dongfeng, Wang Li, Lin Zunqi et al.. Experimental study of 351 nm propagation with high fluence on No. 9 system of
SG-1I laser facility [J]. Chinese J. Lasers, 2011, 38(7): 0702001
AR, T Of, MEEEL . Mok TREESE AL R 5] om FRECHERERMTHRIRLII] FE#k,
2011, 38(7): 0702001
7 Zhou Yuliang, Sui Zhan, Liu Langin & al.. Research on beam smoothing technology for high-power laser system[]J]. Laser &
Optoelectronisc Progress, 2011, 48(10) . 101407
JEEE, B, X EE E wIRBOTR EOCR S B EORTI R RLT]. skl ke T3, 2011, 48(10): 101407
8 Ma Chi, Wang Chengcheng, Feng Bin. General Technic Research on the Target Area of SG-11I Laser Facility (2004 Annual
Report) [R]. China Defense Science and Technology Report, 2005
oo, FAUR. S k. ok T EoRse 5 SRR R UF 5 (2004 4 SAEH [R]. [ E B Rk 5 AR 4k, 2005
9 J. L. Miller, R. E. English, R. J. Kornoiski et al.. Optical Design of the NIF Main Laser and Switchyard/Target Area
Beam Transport Systems [ R]. Livermore: Lawrence Livermore National Laboratory, 1998
10 S. M. Pollaine, S. W. Haan. Optimization of Beam Angles for the National Ignition Facility [R]. Livermore: Lawrence
Livermore National Laboratory, 1998, UCRL-LR-105821-98-1. 15~22
11 R. H. Sawicki. The National Ignition Facility: laser system, beam line design and construction [C]. SPIE, 2004, 5341;
43~54
12 Douglas W. Larson. NIF laser line-replaceable units (LRUs) [C]. SPIE, 2004, 5341 127~136
13 Ph. Joyer, M. Dupont, H. P. Jacquet. Safety issues on laser megajoule facility [J]. Fusion Engineering and Design ,
2003, 69(1-4): 625~629
14 Laurent Hilsz, Jean-Christophe Benoit, Florence Poutriquet ez al.. Redesign of the image processing techniques used for the
alignment of the LM]J beams transportation section [C]. SPIE, 2010, 7797: 77970D
15 Noel Fleurot, Claude Cavailler, J. L. Bourgade. The laser Mégajoule (LM]) project dedicated to inertial confinement
fusion: development and construction status [J]. Fusion Engineering and Design, 2005, 74(1-4); 147~154
16 Chen Gang. Structural design of target area for SG-III facility [J]. Annual Report of China Academy of Engineering
Physics, 2009, 65.
Bk WL ot T3 g a5 iat L], F B TR %2 A% A, 2009, 65
17 Xiang Yong, Chen Gang, Feng Bin et al.. Introduction to method of target area beam path parameter design with Pro/E
family table [J]. Laser Journal, 2009, 30(1): 13~14
oo, Bk R G @ 4. UM Pro/E WERIEATIE X OGBS BT M A AT #ob & &, 2009, 30(1): 13~14

011403-6



