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intcrmediate Density Analysas

v

diegnostics emploved to allow inference of  the DT density sichirved:
s—ray ronlinuum  pmaging, maging  af line emissxian prodiaed by Ar
veoded (n the (wel. and radiochemical activa® ton of the 8- 4 the
glass puster  material, Section iV opres<ents a beae! spmmars of the

re-ufts and o iadioation of some possible future dyecetons .

M odghout *hirs report, the simbol . - ¢ -~ ased 1o denote
c~r = [0 drdat 7 noat
whete [t 1he neatron production rate  end the spataial il egray

caalaar 4oover the pusher malerial .
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ABSGRETION/SUATTHERING

Haced on previous  experiments, much  of the fieht absarption !
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Intermedialte Densaty Analys B
temperatures oceour before the maximum  fuel COMITex<jon. Tny -
mistiming 18 dexign-  and medei- dependent | Its ympact on tne dens:ty

achicved and anlerred as discussed 10 secton T

Mote That  the velocity of  tie pusher/fuet bounders 1~ ~tarp .

teducrd during the last phase of compression by a shock reflecten fro-

e ennsion cenler. Fince the dense pusher s betg dece e ot
v e e By fuel, 1he frri/pusher  anterface  can PR ¢
ven b ocant growth of spatial perturbations of coar-oun o wavedeppt,

bl S-lavior anstabatatier. Thes can result oo dencficant Lo
R onler,  higher=/  pusher anto the fucl, javeringe ‘b for
ey teccate . and reduacaing the barn o rate L N L A A A
o reduction foused by thes cpechanisn s Lhtacped by e a0 0
{01 e the Dane marking  the contanatane  of che el o0 o e
Vet Lty lowards the  ornizin, When the fari o one reors K Fo
cntrent fuet radias, b oox o eonsadoaed oo he R R
cicad calue quoted here a0 the CfaliepasT e ld ro ot ot .
Cappel meded brnye, Vhe mas-coreeset o teques Phe o et AR
foctar of 1.5-1, The  quantri.ataive  coafaat g oF oo offocs o o
asymmetr e d=daimensional apls Lo T B Al TP Wt anr vt Lt

s stoerable fature anvestigatb oo

b tgure 8 ~hows the  prasra proafiies  at o the cane ol e ae
compresayon Note that even thouweh thies o wfter the borne os ner
the goass pusher s st nol o entarels assemblea a~ o cnnstan® —deg~ .
sheil around  the fuel. This as TPacl oh the  Lartous  fdernsas

diagnostic  discvussed below
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10X BALL/BALL-IN-PLATE TARGET DESIGN FOR SHIVA

1
/
/

&

Upper 10 beams

Support
fi bre \

plate"
7

N

Lower 10 beams

02-30-1079-4336

plg/ecm3)  Mat'l R(um)

CFia 20
Glass )' ; g
DT+

Ar (seed)

Performance parameters
7, = 200 ps (Gaussian, FWHM)
Einc =4k 16 )
bine = 1-3 X 10" W/cm
Faps = 20%
Frot = 90%, Ty, = 35 - 60 keV
Y=6Xx108
de = 19 X Ld.




HIGH ENERGY X-RAY EMISSION SUGGEST T, - 30 keV, 1, ~05 |4

® Signiticant uncertainty: angular emission modulation

140 um 1.D. X 5 ym glass + 15 um CF, ,
103 '

I T 7, = 200 ps
102 - 1 Einc = 4 kl
/——\ E,p = 700 ]
%’ 101 | __1
x
S Calc Cale.
93. 100 /— y 4 Thet!
§ Exp.| Source =35 keV
ﬂ-; 107 |- =1  X-rays = 21 keV
E 10-2 L \ | et T 0.90
Exp.
10-3 - 'T X .
Thot = 24 ' S keV
| ) ot -~ 0:9
0.1 1.0 10 100
hi, keV

50-60-1079-4351
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SHIVA “10X'* DESIGN SHOWS MODERATE
BRILLOUIN SCATTERING

o Small sphere
® High intensity
| ~ 10" w/cm?

VO Te
— ~1-2, — <1
v ZTi

—=> Significant density step at critical

2
L™ Yo L 1 2
% <"c> <”%> <>\0> <3> e

e Expect ~50% scatter

® Experiment shows 20% absorption,
nominal considering incidence angle
and polarization

02-30-1079-4335



RADIUS VS TIME FOR 10 " BALL TARGFT SHOWS
EARLY ABLATION FOLLOWED BY PUSHER DECOMPRESSION L9

e A “’swelling pusher’’ implosion
140 um 1.D. x b um glass + 15 um CF.M

10! — LB 7, = 200 ps
Einc =4 kj
E s =700
£ 1072
(3]
3
2
Q
o
10-3
Laser pulse
e
]0-4 . ] TR NN G B I L
0 0.2 0.4 0.6 0.8 1.0
Time, ns

50-60-1079-4350
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PROFILES AT PEAK OF LASER PULSE SHOW "*10X"

DESIGN EXHIBITS SIGNIFICANT PUSHER BURN-THROUGH
140 um 1.D. X & um glass + 15 um CF, ,
7, =200ps, E = 4 kJ
10°- 10" T 1 T T 102
) 7) = 200 ps
Density 1
10% - 100 | Jd1o
™ Temperature %
=03 5 0 - J1w0 ¢
b - 3
2 z &
8 102 € 1p-2 -1 8
& 10 § 10 / 10 ?,
\ -
101+ 103} / Pressure ~~___ 10-2
J ~
100 L. 10-4 1 1 L | 10-3

60-60-1079-4349

Radius, um

0 20 80 120 160 200



STAGNATION HISTORY SHOWS SEQUENCE OF TIMES

FOR BURN, MIX AND PEAK ,» AND »r FOR 7107

DESIGN
e Implosion timing depends upon capsule, drive, preheat
10 um I.D. ~ 5um Si0, + 15 um CF1_4 _
30— TR T T 7 nT 200 p?
l l’\ 410 Einc = 4 Ki .
25 |- s Eags = 700
Radius -8
20
; 1
g 151 1° 3
10 - :: -4
/ ';‘\ Burn rate \- )
5 S -
| -/ \L Fall line . 1
0 L1 4/ L | T S 0 Ymix = _Z_Yno-mix
0.2 04 0.6 0.8 1.0 1.2
Time, ns

50-60-1079-4348



CALCULATED PKOFILES SHOW

INCOMPLETE PUSHER ASSEMBLY AT PEAK COMPRESSION L2
140 um 1.D. X 5 pm glass + 15 um CF, ,
10 T T T T 10° 7, = 200 ps
Einc =4 ki
E,=700]j

-d
S

Pressure, Mb

101

Density, g/cm3 or Temperature, keV

.
10-2 { XL L L 102
0

20 40 60 8v 100

Radius, um
50-60-1079-4347



DT ADIABATS FOR 10- 100 - TARGET DESIGNS

Pressure, Mb

60-60-1079-4346

106 R S R e '"T_"_"""‘_Y'"“'_—
10° /
4 100% /

10 Expioding
pusher 10 /
3 1. 2%
10° /
102+ /
Fermi
degunerate
101 / / .
109 N / | i
102 102 10" 10° 10" 102 103

Deusity, g/cm3



COMPARISON OF CALCULATED AND MEASURED
NEUTRON YIELDS

|

\
/

i

140 um 1.D. X 5 um glass + 15 um CF

7 =200 ps

50-60-1079-4558

Neutron yield

14+ 0.01 g/em3 DT fili

10° [

a00

600 800 1000
Absorbed energy, J

_ i 1 L

2000



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

140 um 1.D. X 5 um glass + 15 pm CF, 4, 0.01 g/cm® DT fill
T, =200ps,C; =4.0kJ

Sie Dot
Vi v

50-60-1079-4563

L2



3 METHODS USED TO
DIAGNOSE 10X’ IMPLOSIONS

® X-ray imaging

® Imaging of Ar seed line emission

® Radiochemical pusher activation
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EVEN FOR “10X"” TARGET, DETAILS OF
X-RAY IMAGE DEPEND STRONGLY ON
DETAILED IMPLOSION CHARACTERISTICS =

Strong comr.etition between fuel and pusher emission
controlled by:

® Photon frequency imaged

® Pusher optical depth: kpAx ~ 1

® High-Z seeded and/or mixed into fuel
® Space/time dependence of Z, T, n,
® Implocsion asymmetry

50-60-1079-4344
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*10X"” CALCULATIONS SHOW X-RAY IMAGE
FWHM COMPARABLE WITH EXPERIMENTAL IMAGES

T
3-7keV

With HI-Z seed
0.1%

Without HI-2

Intensity

] |
0 50 100 0 50 100

Radius, um Radius, um

® Details are very mode! dependent

50-60-1079-4343



1.5-25 keV X-RAY MICROSCOPE IMAGES
Heating symmetry is significantly improved by focusing energy on thin plate

Ball-in-plate

-

RtV SN DU

v,

50-60-1079-4353
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3.5- 4.5 keV X-RAY MICROSCOPE IMAGES e

Ball Ball-in-plate

25 um X 50 um [ 35 um X 35 um
50 um

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



IMAGE OF Ar LINE EMISSION FROIW

COMPRESSED CORE INDICATES FUEL DIMENSION

compressed core

® Background
Si free-bound
Corona emission
lg ~ 3 X 1075 keV/keV

50-60-1079-4342

Film  Imaging spectrograph

@, "‘-\\ ) Slit\\ / Crystal

& He-like Ar excited at stagnation

Tg ~0.6- 1.0keV
Ng ~ 1023 . 1024 ¢m™3
I ~1076.10"7 keV/keVv

Transport through pusher
Si K-shell bound-free

~ 2 .
/)R)Sioz 0.005 g/cm
Attenuation 5 - 15 x
lg ~ 1015 - 107 keV/keV
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CORRECTIONS TO SIZE OF Ar LINE IMAGE

ARE MODERATE FOR SHIVA “10X"” IMPLOSIONS LS
Emission peaks Optical depth variation
before has small effect
maximum compression on image size
T T T 1 1
' T He~|ilke NS TTMinimum i
| Ar emission | >l | mr;i'r"f:sce
power ‘a
: = —
3
- , ~ gL i
’
/ \\ e g - X 10%) A
P =
e EtL -
- Q
~ -
/ Te r 1
) 1 1 | 1
0.5 0.6 0.7 0 10 20 30 40
Time, ns Radius, um
® Nogeak = 1:2-n4, e Implosion sphericity must be determined

50-60 1079-4341
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1D IMAGE OF He-LIKE Ar RESONANCE LINE FROM
EXPERIMENT IS CONSISTENT WITH 2-D CALCULATION

140 um 1.D. X 5 um glass + 15 um CF, 4, 0.01 g/cm3 DT
7. =200 ps, E; =4.0kJ

(e

n
AT < 40-3

"pT

— Exp’t
== 2-D calc
w/20 um slit

wth

650-60-1079-4559

RAD!
EARI

.All

$0-60-
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RAPIOCHEMICAL ACTIVATION OF PUSHER OR

SEED MATERIAL DETERMINES oR AT “BURN’ TIME L.
Compressed core Reactions
o Pusher
28gi+n  Ba+ P
L2, 5,
Diagnostic threshold: N(pR)p ~ 10°
¢ Fuel seed
8r+n  78Br+2n

L. 78ge
Diagnostic threshold: N(pR), ~ 3 X 10°

Activation yield

-~ R R -~
Neutron yield PRlegs, ~ 1
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SIMPLE MODEL ILLUSTRATES BASIC RELATIONSHIP BETWEEN

PUSHER oR AND FUEL DENSITY L:
® Initial conditions o Assume 1-D spherical geometry
/_____.——-_\ ¢ Thin shell pusher
Ablator ® Final mass = « - initial mass
"""—-‘—_-\
Pusher : -2 - -Rr2
| ‘JS'AR[ 4“Rf ;)?ARf = r?p4"R0"8 ARO
DT ’ determines R, /Ry
- plo)T Ry
R 3
0
. oo ()
® Configuration at burn Ry
.y pusher 4 3/2
Vo a4, © (pAR)P
V%, DT . | ' DT
..o pusher o, " I p
) Y f b ¢
m [y (PRI
s 7, 0P AR

ol f

® Cleanest result if n_ =1
l—/)P T , R' p
Mg = pusher mass fraction compressed
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1-D MODEL DEPENDENCE ARISES THROUGH
VARIATIONS IN IMPLOSION/STAGNATION DYNAMICS

Timing Spatial profile
TN-burn rate —f-\
Radius of >
pusher-fuel '3
interface Y
] l
\ DT—-—-.———Glass——--l
Time Radius

\ dVv
Heating rate « P —
dt

Detailed features of

Cooling rate « kV T, preheat/ablation/convergence
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2-D EFFECTS ARISE THROL GH iMPLOSICON ASYMNMNETRY
AND FLUID INSTARILITY NMIXING OF PUSHER AND FUEL L9

Asymmetry Instability/turbulent mix

Distortions need to be quite large to significantly affect vl vs pAR)p
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CALCULATIONAL SENSITIVITY TESTS SHOW DEPENDENCE OF
YIELD, pR ON PHYSICS MODEL

7 =200 ps, 140 ym 1.D. X 5 uym glass + 15 um CF, 4, 0.01 g/em? DT fill
Model variations: E A+ Thotr fer Pe Toi- Olass EOS
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RESULTS OF SENSITIVITY STUDY SHOW o CAN BE INFERRED
FROM (,J-_)R)p WITH ~ 2N UNCERTAINTY

140 um 1.D. X 6 um glass + 15 um CF, ,, 0.01 g/em? DT fil
L= 200 ps
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LONGER PULSES AND THICKER
ABLATORS LEAD TO HIGHER DENSITY

140 um 1.D. X 5 um glass + CH ablator
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