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Abstract: Laser driven inertial confinement fusion is a challenging research field in the current international
frontier science, which uses high-energy laser as the driving source. A large amount of energy is injected into the
target pellet to make the fusion material reach the state of high temperature and high density in a very short time, thus
forming a hot spot in the center of the target pellet and igniting the whole fuel layer, and finally achieving controlled
nuclear fusion. As the diameter of the implosion hot spot is about 50—100 pm, and its duration is 100—200 ps, the ion
temperature reaches 5 keV, and the pressure can reach 4.0x10' Pa. Therefore, it is of great significance to develop
diagnostic techniques under extreme transient conditions. In this paper we introduce two kinds of diagnosis method
based on compressed sensing. The first one combines the one-dimensional line Velocity interferometer system for any
reflectors (VISAR) with the Compressed Ultrafast Photography (CPU) system, which is expected to achieve a new
2D-VISAR diagnostic technique with high time resolution. At the same time, it overcomes the shortcomings of the
existing two-dimensional VISAR that can only capture single image and is expected to realize continuous diagnosis of
the evolution of hydrodynamic instability. Because the existing CUP technology encoded by digital micromirror
device can only be used in the visible light band, and cannot be used in the ultraviolet and X-ray band, a transmission

compressed sensing technology is also developed. The transmission compressed sensing technology uses a novel
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transmission element to encode the measured signal, which can realize the two-dimensional ultrafast detection of
ultraviolet and X-ray signals, and is expected to realize the precise diagnosis of the ultra-fast space-time evolution
process of the hot spots in the explosion. In addition, in view of the advantages of single-channel CUP technology with
high time resolution and the shortcomings of low spatial resolution, a new high spatial resolution diagnosis system
with multi-channel coding, separate scanning, decoding and re-synthesis is proposed, which is expected to achieve
high time resolution and high spatial resolution of the two-dimensional new diagnostic technology.

Key words: inertial confinement fusion, compressed sensing technique, diagnostic, CUP-VISAR, transmission

coding

PO IR B BT 24 TSR AR BF S R 24 T B B A o — A B SO A BT T AR, AR T AT B L 60
ICF /5B T RS, FH 1.8 MI YOG RE i RS RN 1 10" i rp 7740, AR WS 3] 1R F A, 5 B 2 50 3
TR B ] AR T B 10" 19 T P BUA A AR K AR U H ATk, AR R A0 A AN X AR S BOR AR K
WA E LI IAT o A PR T 4 ) RIS, ol T M B A R AROG 98 BE 3 A L BGOSR LA, A AT AL b
TRIREIRBN AR FRAEFREL o 3K A X IR K S0 B9 A X R 1R 2 18 AR R 48 A X AR Bk 2 — o TE R IR 46 s
W, TRULE)Z A BN Ao A1 R 2 AT R B IR ) S AR R B R, TR BRI L 20~25 BLJE,
AR AR 2N 3G KRR, e 28 3 T SR AR, e b = A R A EABRE DX, 3 O A T S 3, AR R IR B ik
IR BRGSO PEE , T ol 3R 78 2k I

T TR FREOC R R 2 ORGSR B MR, ORI O ¥R o B R 2D SR Y B R, o 2% IR
W e B 0 R AR P 2, MDA DU RE P A — 4 . 4 B T3 4 =4k, SRR 45 B BOA R 1 5 4% B B iy S 5
SO PR B G IE, 00 A5 20 050 v A T A = R, DA 000 7 25 b 52 ey L B = 4R 25 PR B iK™, AT
RSB S 56 P Bl B MR A 2R R, 5 — T 7 VR R TR i B 25 45 16 T A2 W BRI e i (912 W bR 25
BIF 5 S A o 26 4°F T B T g R BE L I TR] s 1) RUBE AR FCA 17 U, Ay SRS 400 B4 AT 5 ) B 1) et B A3 i AT 7 B B 52
{5, BEMTHE S Y BAGRAGHE 2D o [RIIE, BT A0 49y AR R AR 5 SRS At ) S 30 B e AR A7 L 0 58 3%, DR K i e b T2 9 12

W ARt B o BB MRS SR [4], RS HAIAEBE B A2 N 50~ 100 um, FFLEMFA] A 100~200 ps, 25 1R B ik 5] 5 keV,
JEFI A1 4.0x10" Pa, AL, 2 SCBUXT PN R e 300 B 004745 60 2 W, 27 R Ge 45 (8] 2 HE R K B S um, B[] 43 9%

NS 10 ps DL, IEEGA 2] 30 IR LA L.

FI A% ICF 32t A% v Py B 6 R 1932 W = 82 43 Ay oA 5 7 000 R0 PN B I 0T B BE A 2 W B R o i B 1 2 2 T B
S FI FH Bi Bk & 5 45 0 58 R S 00 4a I B 2 ns 22 A 14 3K 3t B A BIF SR, % R I G0 SR A SR A IR A AL, T
BLED Bi BREEOR ST o B AR N LAz o xRS B2 W R AT DL T LR SRR R 2 T,
T B A LA AR BORBLE X, A SO B 4% 25 — A P 0L 1Y) 5%, ol S FH B 4 25 1) 9 R BR7E 2 L
FAMLBRSE 1 BB 52, 38 aod Asf (1) 1 i 04 2o 2 UL AL 4 1 s ) o 7 2 0] 2 B b i S R O, (HR IR AR R — 42
6] 5 BT RE, AN RERAT 42 () 40 A % . 565 R R A KB & B 5 e/ iR AR ML E A 790 5%, KB I il BE 2 0] 43 9%
Al LR E] S um™, 230 A AL A R A% iR KR e 22 0T LAGA 21 20 1, (HE: R [E] 2 B SRR IR 31 70 ps, PRI G 7R R
FE 2012 4 28 2015 AE ], 3¢ 4R H IF0F & 17 —Fh bk ol R 58 780 23 i AR AL (DIXD -2, g Al DURE IR R] 43 B4 5 2 10 ps,
R T RARE M AR . RGEARFRE K G BR8] 50 B 25 S5 B, IR R BR Ak B2 R & . b T okt DIXI 1)
B oS, B BR b SCWE R T — FeKE Bk b R S8 A hCMOS 5 A 1 B 00 28 88 1R 43 i 2 R (SLOS) 14, 33 B B AR SR HH 11
hCMOS #HL H B BA 4 73 IR 6E, 4 06 151K F [F— 3%, S0 ER A I 8] 43 BE 2 2 1~2 ns, Be & B8 & HOR 5 i
6] 53 ¥ AT LAIK B 20 ps 247, Zead XF HARE 5 Wk — 25 80K, i) 8] 43 HE 0 A LAGA 2 10 pso TRALRE S50 L e L 25 (8] 43
BERENT 37 pmo AR T DL I S5 B T A 3 S I, X R R R IR A B R 2 SRR R 4 0, KR
W5 ' oF [1) B L S 2 119 hCMOOS AHMILE AR MEBEAR K, A AW AW o3 E R Bk, HAjHE = A 300 &
235 43 B2 W B AR SR X6F Pk 5 10 ) 3 Ao R A RS B S 2 W, R 5 ke R v I s 43 Ak D R A IS W
FARAER Y],

VAT R R R A ) e 40 T (CS) 1) 2 —Fh 27 i 15 B AR S AL A B R, 12 3R 48 th X T T 47 {5 5, T L)
FEAR T2 W R R R S50 T 5 5 AT oR A, Rl S8 T 65 5 04 FE 4 2 B2, R FH 6 3 A3 J 030 3k v DAoKe I
U5 5 DR 45 B8 p A Ok, SEBUE S IR AR ). BRTZ AR C R LA Tz H. 2, ke
245 TR 5 B PR A5 5 S A 4T SRR PR R 45 AR B R (CUP) U9 s B — 2 PR % (B PR A%, 12 A i e K

031021-2



TR TR AT EOR AR WO I £ AR AL BT T ) R

B AT A3 2 B R B R R I Bh A 5 5m  =A5 B (x, v, ), I FLE A B[R] 43 3% R 25 SO ML G 450 8 58 8 e 52, T 3k
2 2 ps, AR IRECAT IR F] 10" §/s, I B EA 100 pm B 25 [6] 53 F . BUiAAY CUP F= 2241 X a] WOtk Brid sk, HATZH
RIBTEARW K . SCH [17] B2 RTE TR Z 8 AR ME 22406 UV 3B B, Bon T HR7E T b K i Bt LA
ARG T M . R B T CUP AR S 32 B0 [ B 25 [ 0 BEANS o il TR AR W IBORE gt . i Jr =X, 7 5K
IR v HsF (60 9 1 [ s, R XSO0 2 25 R0 43 9 . T4, JE T3 AR AR 8 0 BB R O & 7R 454> U 15 B AR &
R0 o LA SRR Xof (] — W A i A7 28 MR AR I RCR A, 345 2 IR AR A3 W 0 UG i s %k 2 A oy BF LR 45
SEIG R, 7E 58 R EMRC WAL T S5, AR 0 B S e B3 1, 2 G A — W o3 20 B 0 BRG0S0, SO R AT 4R e R T
FASE I CUP FAR M = 20 B BUE AR SR A TR i P X S8 o R CUP HR, FRATTR & T W FPB B2 Wi B R vl Lo
447 TR 2 AR R 3 B P 4 BRSBTS P B o R g B s 0 ) 4R i SR W

1 AIREEFBEAMBTLA
11 CUP &% /HiE

AN 1k CUP 5 G5 9 Y6 B B, A EC TS0k [16] R
FLER B, TRATR I A9 <V R o B 78 A £ 5 952K 0 Lo
I 53 5 Y B o A ST B0 SR AR, B T LY
RE SRR . )b R R g, P2 Y o o
S i 55— 2L 40 3R SO0 2 1 AR ) B 5 A L, L, “
(DMD) I+, 254G A iU 4 (K145, 72 DMD _E X 1 I (&1 44 i Fig. 1 Schematic diagram of CUP system
TS 985300 45 4 4 0 BHE 200 35 0 119 AR 15 2 1 CUP R ELHET

SUMBLBREE N B . BT 75 B0k Wm0 46 (5 B, SR BOMALEEAE S 58 AT IFRPIRES (~ 5 mm) , 25 BUMAILKEAS [H] i
Z 0 4k PG I 8] J7 1) FEA T 4948, I i CCD e sk R ok sh 2, 58 i it R B0 B T 4 AL 57 o i A1) e iy 3
T, G5 G B P DA A5 94 P 4 PTG e it i 1 A8 1 % i — 4 AR
BA RGNS AT R PR RURSRBOR R A . AT IP1 b Y Sh A ERIC A I(x, y, 1), Z23 DMD R BEHL
G A5 A C RN 2R SORIAILING 18] 777 1] ) B D S 2 I 7 2]
bL(x2,¥2,8) = SCI(x,y,1) (1)
TE4 5T CCD LR ZJm I 44533
E(m,n) = Tl(x2,y2,1) (2)
X TR R A B S BRAE, E(m,n)dE 192 CCD g sk A5 B Y e A IR
A5 (1) R (2) 867 A5 2]

E(m,n) = OI(x,y,1) (3)
He,0=TSC,
Pl 4% T AG) ot A oK O A (3) S )R g, AR 4 CCD g s R B AL A R, R B s ™
min| /]|
{ il (4)

H T R VR BT S 22 1 07 RSB, 33— A5 T R SRR 1) AL, 3 64k DR B o8 (o) B8 D00 A SR e e 1)
f(X)=argmin{%llE—01||§+ﬁ¢(1)} (5)

Horp, B — TN BR 20, J7 — TR BRI, o4 LW S, A1 RV w9 00 U EE, DN R ) SR s — A S Y
fi. @) IEN R, GRIEE SRR ELTE . FTR 22870 BTV /RN @ (AR Lk J5 e, Jop

N,—1 N,xN, N. NN, N, N.xN,

DDy =D D AL + (AT + ) Z VAL + (A1) + Z VA +(AY L) (6)

=0 =1 m=1 =1 n=l =1
XA E I HEFE N XNy XNy Ly Ly TSR F8 0 m, n, kJ710) b 09 455 1, APRIAZR 7R — 4 T
KI5 1) AN BT ) b — B 22 T

031021-3



weOoW s 5 Ol TR

Hi e & A MR 20005 E TR g R2 (5), o i T8 1z 19 2 AR A B 5% 2 (IST), B A
U & MR T ELFT RS B SR . R E T AR, A KM R R, i n] DA AT IR AOR AR . (R 5 I )
BRI SGH FE e . TEICERAR b R R T P D Rk A 4 B 5 AP (TwIST) o TwIST A4k 7K 1 IST B A,
I H R K m TS GE B o AT R D& TwiIST (5 Al 6 25 A 2 A (8 SR T H 3 M A {8, 100 IST @9 4w (8 H 5 i
— WA E A . R S i, FRATT e 2R TwIST B3 ok M A7 52 56 v 10 i 46 1% A SR f% . TwiIST 5%
R ARR A S R AT AR OR Oy

x1 =1 (x0)
X =0-a)x_,+ (@ —=PB)x,- +,81”(x,_.) ( 7 )
X > 2, xR m R IRE, T ()R REME R AL, ofp i T 2N e
a=1+p>, B=2a/( +Ay) (8)
1-
ii%%mz( Wauzf%@#mmzlvﬂw=lo
(1 i) "
AR L 1k 551 H bR R BUCE T e
C(x,,x,_l)zw (9)

[

LB Re, ML IEREC(x, x1) <&, ZAEEN, 15 3 F 20y HA 45
1.2 I EEHE

TR GE ) —HE 2k VISAR i 2 BUR 3 46 ) 138 DU LT B A — SRR AT, i T 25 s, SREHE R 3R &7k
LW BRS, B 2 RS 5 B AR A G4 B HE A M-Z T3 MR, i T I rh— R 8 T ARMEER N 8] A ZE
PRI (], FRe 2%, T SR A8 AN ] s 220 CHf ][] B oy ) 2235 8045 5L B9 2R AT D6 & A5 T R IE LT 95 45 80 Y 0 THD 11 328 8
ARG, S5 B0 AR 23 % 7 048, VISAR F 4638 0 Y624 2 ORI AL CCD e s 4 80 AH O A8 1015 18, T3k 15
T 0 T O B DT R A R o PR T AR SO ML AT 8 A% 100 D R 1, SR AR ML 4 58 A T T, AN [ s 220 ) el 45 2 Vi s i)
T A EE T EUR AR RS BRI, RIS 4E L REFT T B ROR A4, S BUL G2k VISAR H
FIE AR AT D 2R T — 4 o) F) RS AR R . CUP AR 19 8 KRE i 2 R T DMID X 2l 25 37 56 AT 4 i, AR I 3 26 4 5 5 4
IAE B G 3 A 380 T B AT LUK S i 4 R AT AR SR . R L, K — 4k VISAR 5 CUP 25 & 15 2| /) CUP-
VISAR £ %i 1] LA the— 4k VISAR 2 UM ML 48 AN Rl 5 2 FT I A M), X — 4k 37 52 0t 4112 Wi .

&1 2 Sk BRI RS2 56 2 0 B HE AR P, 5256 rp SR FH e K O R VE SO IR, et K R B 2R EF R T 5 K TE 29 K
60 ps, P28t v BB ME ELJE IE TS AR S R 4R 1 E P AT B T R . SRS 43 S I A Af AR
18 R G KAZAE DMD FA SR AEAL . 52565 b, I FH DMD 254 A8 A 4 5 RGO 15 0 96 B3R AT 4 A5, I
J5 FERRAE 56 2 FT TF (0 2 SO AL 58 1 2 A TRl 1 4048 A0 R i it o fR 1 J Bk o VR 28 3 2 O 1 8 1 )5 23 1 I AR
BESS G, 75 100 Ab 425 (A7 8 Y5 B 25 0 IR ARCBREAR 40 A1 I BE & B 1R) A A= 8 Ak o DRI A SIE 30 B X 1 9 [R50 4% 25 [ of
B 7 SR B A3 A AT i T A A
1.3 XWHERHH

Pl 3(a) SRy S 06 L2 A5 A 4 5 4 1 (G2 Sk 4D, 454 DMID L il il (4 25 A Jl 4%, SR A TWIST Bkt 4734 1
b, e 2 fig th 60 R T35 MG R I AR 3 B . SEgr b, o S AR SR ML A9 951 44 1805 8 O 1 ps/pixel, 4545 F 46 S 38
fiff Y A B A28 94 P i o AR A B 1D 20 R 1 ps, 0 BPJR E G X SE R, ARAS T T BRI SR 43 A 60 ps B[] P YR Dl
B

ARSI, P EURE Y AL A R RO pR A AR AR AR, O T I UE R A 2 R T SR, FRATT A

1117 IE R g i MBS 48, 2645 TR EIGEh B), b 1 56 UE B4 25 S r e b, 30471k FH EUGAH C R B0k
FEAHOCPEITAL o PG G R 50 1l 95t PR 5 =2 T AR B, e LA R

) 32 (Awi = A) (B~ B)
VB 02225~

031021-4

biia
biis

(10)




TR TR AT EOR AR WO I £ AR AL BT T ) R

e e SENLINLNGE Y ST S SRR D SENRITELS

!
] : interferometer
@ﬁfns @f@o : '

| / . /

i

I mirror | peam l
1 " splitter |
|
|

streak camera CCD

527 nm laser image plane

(object)

) | 11 = wide-open slit

(~5 mm)

DMD H -

Fig.2 Schematic diagram of experimental light path
B2 SEE ot g A

Ops Ips 2ps 3ps 4ps Sps 6ps 7ps 8ps 9ps
NN N D GO NN GEM END GRM W W

10ps 1lps 12ps 13ps 14ps 15ps 16ps 17ps 18ps 19 ps

M GBM GEM GEW ERM G W W GEW AW
20ps 21 ps 22ps 23 ps 24 ps 25ps 26 ps 27 ps 28 ps 29 ps
M FEM GEN OGN GEM GEM M GEM GDW G0
30ps 31 ps 32ps 33 ps 34ps 35ps 36 ps 37ps 38ps 39 ps
Gl [ O GAEM OREM ORM CEEN GEE GO GRE
40 ps 41 ps 42ps 43 ps 44 ps 45ps 46 ps 47 ps 48 ps 49 ps
GGl GEM GENM GO GO GOND GRND GO GOND R
50ps Slps 52ps 53 ps 54ps S5ps 56ps 57 ps 58 ps 59 ps
(0 G0N GO GOE GONO ONY GONN DN GOEN G
(b)

Fig. 3 The measured result in experiment and the reconstruction result
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