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MAXIMUM AVERAGE L'T > \ M T \ A I- • 

100 0 

1 •• 

i,j j u 1 ''» 43<>) 



"IOX" BALL/BALL-IN-PLATE TARGET DESIGN FOR SHIVA L5 

Upper 10 beams 

Support 
fibre \ 

1 /urn CH 
' web 

p(g/cm3) 
1.8 
2.2 
0.01 

Performance parameters 
-, * 200 ps (Gaussian, FWHM) 
E i n c = 4 k i 
"inc = 1 * 3 X 1 ° 1 6 W / c m 2 

Fabs = 2 0 % 

F h n t - 90%. T h r t t = 35-60 keV hot 

Lower 10 beams 

Y = 6 X 10 8 

p d t = 15 X l.d. 

'hot 

02-30-1079-4336 



HIGH ENERGY X RAY EMISSION SUGGEST T h o t 30 keV, t h o t 

• Significant uncertainty: angular emission modulation 

„ 140 fjm I.D. X 5 jum glass + 15 /urn CF, . 

0.5 L9 

Tt = 200 ps 
= 4k j 

"inc 

^abs = 7 0 0 J 

Calc. 
T h o t : 

Source = 35 keV 
X-rays = 21 keV 

'hot = 0.90 

Exp. 

T ^ t = 24 > 5 keV 

1.0 10 
hi-. keV 

100 
'hot 0.5 

50-60-1079-4351 
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I 
SHIVA "10X" DESIGN SHOWS MODERATE 
BRILLOUIN SCATTERING 

• Small sphere 
• High intensity 

I ~ 10 1 6 W/cm2 

"« T„ 
o e 

- - 1 - 2. — < 1 
". ZTj 

=> Significant density step at critical 
2 

• Expect ~ 50% scatter 
• Experiment shows 20% absorption, 

nominal considering incidence angle 
and polarization 

(1 ) 2 (20 ) - 6 

02-30-1079-4335 



RADIUS VS TIME FOR "10 " BALL TARGFT SHOWS 
EARLY ABLATION FOLLOWED BY PUSHER DECOMPRESSION [* 

• A "swelling pusher" implosion 

140 /urn I.D. x 5 /urn glass + 15 JJITI CF 1 4 

10" 

£ 10 u 
in 
3 

QC 

10" 

-2 

10" 

50-60-1079-4350 

1 X C F 1 . 4 

y ^y 
R C R I T 

C F 1 . 4 

TTJTTTTTf^' 
/Glass/1 In 

^^**\I 1 / 1 1 / 

R C R I T 

C F 1 . 4 

TTJTTTTTf^' 
/Glass/1 In 

DT ^ u*r-

Lnser pulse 
l 1 1 

, i , i , i i .... i, i 
0.2 0.4 0.6 0.8 1.0 

Time, ns 

T, = 200 ps 
E inc = 4 k J 
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PROFILES AT PEAK OF LASER PULSE SHOW "10X" 
DESIGN EXHIBITS SIGNIFICANT PUSHER BURN-THROUGH 

140 jum I.D. X 5 jum glass + 15 urn CF 1 4 

r, - 200 ps, E L = 4 kJ 

80 120 160 200 
Radius, jum 

60-60 1079 4349 



STAGNATION HISTORY SHOWS SEQUENCE OF TIMES 
FOR BURN, MIX AND PEAK ,> AND ,>r FOR "10 • " DESIGN 

Implosion timing depends upon capsule, drive, preheat 

140 ium I.D. • 5 jum S i 0 2 + 15 ^m CF., 4 

E 
a. 
a 
'•5 n 
cc 

30 

25 

20 

15 

10 

Radius 

0.2 0.4 

50-60-1079-4348 

0.6 0.8 

Time, ns 

1.0 1.2 

CM 
E u 

E 

"inc 
•ABS 

200 ps 
= 4 kj 

700 j 

mix 
I Y 

15 

no-mix 



CALCULATED PROFILES SHOW 
INCOMPLETE PUSHER ASSEMBLY AT PEAK COMPRESSION 

140 jutm I.D. X 5 /urn glass + 15 Mm CF 1 4 

1011 r r ! 1 1105 

L5 

> 

»" 
w 
3 

i 
E 
V 
I-
o 

n E o 

1 

10 l 

10' 

10" 

\^T«mf»rature 

\ Pressure 
\ 

DT - — \ ^ G t a * - — — C F 1 > 4 . 

I ^Sl I L 10 2 

r, = 200 ps 
Einc = 4 k i 
Ea = 700 j 

0) 
3 

8 

20 40 60 80 100 

50 60 1079-4347 
Radius, Mm 



DT ADIABATS FOR 10 100 TARGET DESIGNS L3 

Fermi 
de&vjnei ate 

10" J 10 -2 10' 10 l 101 10 2 10 3 

SO-60-1079-4346 
Density, g/cm' 



COMPARISON OF CALCULATED AND MEASURED 
NEUTRON YIELDS 
140 Mm I.D. X 5 Mm glass + 15 Mm C F , , , 0.01 g/cm3 DT fill 
r ,=200ps 

400 COO 800 1000 
Absorbed energy. J 

2000 

u 

50 60 1079-4558 



2-D CALCULATION WITH INHIBITED TRANSPORT SHOWS 
MODERATELY AS\ MMETRIC IMPLOSION 

140 jum I.D. X 5 jum glass + 15 ym CF 1 4 , 0.01 g/cm 3 DT fill 
r L = 200 ps, E L = 4.0 kJ 

U 

*SO ' OllK>lir\ 
n.*.*' pedk bum 

Ar Mi l l 

Uiamettfi In mi 

50-60-1079-4563 



3 METHODS USED TO 
DIAGNOSE "IPX" IMPLOSIONS [g 

X-ray imaging 

Imaging of Ar seed line emission 

Radiochemical pusher activation 



EVEN FOR "IOX" TARGET, DETAILS OF 
X-RAY IMAGE DEPEND STRONGLY ON 
DETAILED IMPLOSION CHARACTERISTICS 

Strong competition between fuel and pusher emission 
controlled by: 
• Photon frequency imaged 
• Pusher optical depth: KpAx ~ 1 
• High-Z needed and/or mixed into fuel 
• Space/time dependence of Z, T e , n e 

• Implosion asymmetry 

50-60-1079-4344 



"10X" CALCULATIONS SHOW X-RAY IMAGE 
FWHM COMPARABLE WITH EXPERIMENTAL IMAGES 

3 - 7 keV 

With HI-Z seed 
0.1% 

Without HI-2 

50 
Radius, M m 

50 
Radius, nm 

• Details are very mode! dependent 

50-60-1079-4343 



1.5-2.5 keV X-RAY MICROSCOPE IMAGES .13 
Heating symmetry is significantly improved by focusing energy on thin plate 

Ball Ball in-plate 

-, v v 

^'"^•s"^'--\.i , - . . .>•- , . 

J t <3 
i / 7 | i i . / i - . ' ; 

<K~-:S ,' 

v*f 

50 jum 
50-601079-4353 



3.5 - 4.5 keV X-RAY MICROSCOPE IMAGES .L2 

Ball 

25jum X 50 pm 

Ball-in-plate 

35 /urn X 35 pm r-- - - H 
50 pm 

Symmetry of stagnated core is improved using ball-in-plate configuration 
50-60-1079-4352 



IMAGE OF Ar LINE EMISSION FROM 
COMPRESSED CORE INDICATES FUEL DIMENSION U 
Compressed core Film 1 paging spectrograph 

/Glass \ ^ ' 

i p u s h e V D T V ^ ; 
! Ar / 

SliA /crystal 

• He-like Ar excited at stagnation 
T E ^ 0 . 6 - 1.0 keV 
N E - 1 0 2 3 - 10 2 4 cm" 3 

l 0 - 1 0 1 6 - 10 1 7 keV/keV 

• Background 
Si free-bound 
Corona emission 
l B - 3 x 10 1 5 keV/keV 

• Transport through pusher 
Si K-shell bound-free 
p R ) S i 0 ^ 0.005 g/cm2 -
Attenuation 5- 15 x 
l c - 1 0 1 5 - 10 1 6 keV/keV 

50-60 1079-4342 



CORRECTIONS TO SIZE OF Ar LINE IMAGE 
ARE MODERATE FOR SHIVA "10X" IMPLOSIONS 

Emission peaks 
before 

maximum compression 
1 1 ' 1 

He-like 
/ ^*^--v- Ar emission _ 

/ \ power 

/ N H \ „" 
/ 

- / s 
/ 

> ' T ' / 1 s l _ 1 l 

Optical depth variation 
has small effect 
on image size 
—i 1 r 
Minimum 
interface 
radius 

T 

VEN*"* 

LS 

0.5 0.6 0.7 0 10 20 30 40 
Time, ns Radius, jum 

• "apeak - 1 2 ne-Ar • Implosion sphericity must be determined 
50-60 10/9-4341 



1-D IMAGE OF He-LIKE Ar RESONANCE LINE FROM 
EXPERIMENT IS CONSISTENT WITH 2-D CALCULATION U 

140 ixm I.D. X 5 /um glass + 15 jum C F 1 4 , 0.01 g/cm 3 DT 
r, = 200 ps. E L = 4.0 kJ 

^ 10 

Exp't 
2-D calc 
w/20 jum slit 

- 3 

50 60 1079 4559 



RADIOCHEMICAL ACTIVATION OF PUSHER OR 
SEED MATERIAL DETERMINES pf\ AT "BURN" TIME .15 

Compressed core Reactions 
• Pusher 

2 8 Si + n 2 8 A I + p 
U 2 8 S i , p . 7 

Diagnostic threshold: N(pR)p - 105 

• Fuel seed 
7 9 Br + n 7 8 Br + 2n 

!— 7 8 S e . „ + 

Diagnostic threshold: N(pR) f - 3 X 10 5 

Activation yield 
Neutron yield " pR) e f f . ^ nr 

50 60 1079-4340 



SIMPLE MODEL ILLUSTRATES BASIC RELATIONSHIP BETWEEN 
PUSHER pR A N D FUEL DENSITY 

• Initial conditions 

L nDT R 

• Configuration at burn 

p pusher + V°j, _ **/„ 
^ Z pusher 

/ ' V , . P . A R , 

rj -' pusher mass fraction compressed 

50-60-1079-4560 

• Assume 1-D spherical geometry 
• Thin shell pusher 
• Final mass 

i2. ,p 

p initial mass 

2 P 4 ,R f ^AR f = r, p4TRg„g^ 
determines R Q /R f 

" l 
D T = 1^1) DT 

R 

DT 
"f 

(pAR)P 
3/2 

,DT 
^0 

• Cleanest result if ?j = 1 
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I D MODEL DEPENDENCE ARISES THROUGH 
VARIATIONS IN IMPLOSION/STAGNATION DYNAMICS 

Timing 

TN-burn rate 

Radius of 
pusher-fuel 
interface 

Heating rate <* P 

Cooling rate a K V T 

Spatial profile 

I 
D T — - •Glass-

L3 

Radius 

Detailed features of 
preheat/ablation/convergence 

50-C0-1079-4339 
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2-D EFFECTS ARISE I H R O l G H iMPLOSICN ASYMIVE TRY 
AND FLUID INSTABILITY IV'IXINC. OF PUSHER AND FLIEL [m 

Asymmetry Instability/turbulent mix 

Distortions need to be quite large to significantly affect p ) F vs p^R) 

50 601079 4338 
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CALCULATIONAL SENSITIVITY TESTS SHOW DEPENDENCE OF 
YIELD, P R ON PHYSICS MODEL _. U 
r L = 200 ps, 140 Mm I.D. X 5 Mm glass + 15 Mm CF, 4 , 0.01 g/cm3 DT fill 

Model variations: E A , T h o t , f , * rp i, glass EOS 

10* 

10" 

• 

O Calc. no-mix O 
3 Calc. "full mm" °o 

-O- Exp't 
" O 

--% 
Rel 

model 

10 8 

10' 

50-60 1079-4561 

10 10 

Effective pushor , _}R g cm 2 

10 



RESULTS OF SENSITIVITY STUDY SHOW ,>F CAN BE INFERRED 
FROM (p-AR) WITH - 2 \ UNCERTAINTY 

3 140 ptm I.D. X 5 jum glass + 15 jum C F ^ , 0.01 g/cnr5 DT fill 
r, = 200 ps 

10-

.13 

V .1. V 
At n i M k • Minp i t " ,M, 

• - • ; i 

Al MUX or hum tinif 

CMr no run 
<:.ih tu l i r 

! < i > ' 

Exp I 

50-60 1079-4562 

in ' io •' io 
E tfiMMivc pushei . .\R t) i'"i 

• , is most M'ns'tive (KUjtTietPf in determining . k 



/ 

LONGER PULSES AND THICKER 
ABLATORS LEAD TO HIGHER DENSITY 

140 jum I.D. X 5 /urn glass + CH ablator 
1 0 1 0 1 0 4 

Yield 
But sensitivity 
to preheat, symmetry, 
and mix increases 10-

£ 108 

Ar^Utm) 
10 3 2 

•ch 
3 

I 
> 

5.0 \ 30. 50. 80 
\ \ f N ° - \ D e n s i tY.in2 £ \ V m i x \ .—*• c 

10' 

10 6 

/" -a 

Q 

10" 

1 y' ^-Extreme-'\ 
mix fr 

50-60 1079-4C37 

1 
100 200 400 600 1000 

Pulse length, ps 


