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114PRODUCTION

This paper compares experimental and tkomtkd results for x-ray diagnostics of
implodin indimtly-dnven ICF capsules. TIE 2 diagnostics which are analyzed
in some L shereareastreaked, spatially integrated, crystal s~trometer and
time-integrated, absolutely calibrated pinhole camera which simultaneously
irmqp thru 6 different filters.

In this discussion only 1 of tk 5 filters will be analyzd : 4W of silver. Silver
has two imprtant chamctdstics which merit emphaais. TIE fmt is that it will
truncatetransmissionabove an L edge of 3.351 kev. This WOWStk He and H a

(2+1) lines ot Ar (which some of the capsules am dcpd widI) thru,butnot the ~
(3+1) lines. Mote impowtly, the actk fti mateial for the camera is AgBr,
and,kause of the same Ag L edge, the film umkrgces sharp&continuities and
fluctuationsin itc response to photons above this energy. ~elow the edge tk
flqltmcy

‘%!7
Jence of the Mkrential response is smooth and linear. In both

=}.- m ~ m patch- anda Be blast shield which also A to be taken
.
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?tE thm’etid Mtid@S isdom in twO parts. h the fmt ~ the Code MSNEX
is run in a ID herical mock, including any prescribed mix. Periodically, dumps
from LAS&are writm which cmtain T,, density, grid, and s
information. These dumps am themread by tlw postprocessor
postprocessor does a number of things. The IXA portion calculates non-LTE
opacities using a sophisticated delaild ccmilguration ~’unting procedure (with
essentially no approximations), and it cakxdms a radiation field self-consistently
with t!!~ opact@s and iterates the opacity/photon field calculations to some user
_ dqgree of convergence. 71e llXi portion of the postprocessor
calculates tk x-ray image or spectra seen by a &tector by doing various li.ne-of-
Sight Sollrcdsink integmls.

‘h/O difhent @kIL?shqes and capsuks are COtlSiCkR!d hem one, hlOWTl as PS
22, is approximatdy 2.2ns lon wd has a foot that produces a radiation

8tempemture (T,) of -165ev in a N VA standard holhraum. The peak of h pulse
produces a T, of between 200 and 215ev. The capsule has a pusher thickn~l$
-55pJn of which the inner -3.5p.m are @ystyrene (which maybe do

rCl) and a adjacent layer of 2.5pm of PVA (C~O). The 2nd pulses ape (PS26)
has a lower foot at -145eV and a higher peak -220eV. The total laser energy in
the W for the first pulse is -25 KJ+28KJ. and 32KJ+36KJ for the 2nd pulse
shape. The 2nd capsule has a total pusher thickness of -45~m, with 2 inner
layers as for the 1st capsule, except that the dopant in the inner layer is T1 (.07%).
Generally, the mti outer layer of the 2nd capsule is doped with a significant
amount (1+2%) of ~ither Br or Ge. In the capsules considered here, the dopant
was Br at - 1.8%. l%e fust capsule experiences “moderate” growth of surface
roughness-induced instabilitim, the 2nd ca sule experiences “high” growth--

Bmostly due to the Br ciopant (which reduces a Mive and scale length stabilization)
and h thinner shell (which increases in-flight aspect ratio)z.

ANALYSIS

We shall first consider the spctra. Fig. la) is a typical spectra from a PS22
capsule near peak compression. ‘fhe 4 major lines (from left to right) are Hea,

HQ He~ and Hp. There arc two important points to note concerning the spectra.
k is that the line intensities are increasing the higher the line energy (for the
Hea, Ha, He~ lines). This is unusual, and has been traced to two facts: the

pusher has a decreasing attenuatic]nwith increasing photon frequency; and the ~
lines am abnormally strong because of n=2+3 collisonal excitation in the high
density (Ne = 1024)environment in the core’. ‘Ihe 2nd important point is that
them is a non-zero continuum background. Fig. lb) gives the resuh of a
simulation in which the drive is reduced - 15% compared to the theoretically
calculatedhohl.raumdrive. Note thatthe line ratiosare approximatelycorrect, but
thatthere is eswntially no continuum background. It is known from the time-
dqmdertt data that the back round turns on and off approximately in accord with

fthe Ar lines, so the ca u e is the source of the background, By looking
r(calcuhttionally) lower own in photon energy, it was obsmwi that such a

continuum was ptesent, but was cssentiaJly zero in the spectrometer window.
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Fig. lc) gives the calculat.ional result for the same case as in 1b), except the
pusher T, has been artificially enhanced by a multiplicative factor of 1.3. This
gives substantially better agnxment with Fig. la). Fig. ld) gives the calculated
result for a case whe~ the T. enhancement is ramped in space, being nominal at
the center and far out in the pusher, and with a maximum enhancement of 50% at
the inner PVA boundary.

Figures 2a), 2b), 2c) and 2d) are quivalent results for PS26. Ilc spectrometer
window in these shots is higher in energy than in the corresponding PS22 shots

bwause it was desireable to de’at the I-lxx line from the Ti dopant in the inner
pusher (at -4.75 kev). Hew Fig. 2c) gives the results for a uniform 20%
enhancement, while Fig. 2d) is for a unifonm 30% enhancement. Note the
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experimental result appeas to be bracketed by these 2 calculations. Note the
same isshes aR present for the continuum background as in PS22, except that the
background is now quite strong and has an obvious slope.

In order to better understand the nature of this effec~ the image diagnostic results
for PS22 were modeled. Table 1 gives results for total (time-and space-
integrated) photon yield and 2 cr,where 6 is the standard deviation of a gaussian
fit to the spatiai image. Two capsules are analyzed: it completdy undoped
capsule, and a capsule with Ar in the core. Both expi.menta.l and calculated
results are given. The calculated results include an unmodifkxl run as well as
runs where the pusher T, has been multiplied by a spatiaknd time-dependent
multiplier. In one such modified run, the multiplier was .8 on the centd core T,,
1.3 at the outer edge of the PVA layer, 1.0 far out in the pusher, with linear
ramps between these points. This is a modest enhancement to the pusher T,.
From the results we can see there is large disagreement between unmodified
theory and experiment for both photon yield (-1(X)X)and width (-3x) for the
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undoped capsule. Modifying the T, brings he undoped capsule chamcteristics
into better agreement with experiment but there are still substantial discrepancies.
For tbe doped capsule the discrepancies am less seven for total photon yield
(-6x), but are still as bad for tk width (-3x). It should be noted that h
cdcuhions have been dou using ?hemtically calculated hohlrmun drives, and
the measured drives are lower,

F
“ y for PS26. If he measured drives had

been used, tlMreduction in core , meded to match data would have km less,
but the increase in Dusher T. would have been higher. This effort to use
measured drives in thk calculations is currently ongoin~.

TABLEL Keymulls for ima~ analysis(Ag filter)

kk,~a

NC#N,a cl,
imwd pdwT,
hawed mnkr T,

Ar,m cl
KDCA Ar
tileptdmh’s

AL m CI-DCA
itmasd pdwT,
M cenlerT,

EliiEe!
I.(V

1.0+

1.54

i.53

44

44

36

36

9.5’s

4.9”4

2.23

2.73

!i!i!E
15

22

12

14

Another possibility for h enhanced emission is mix of the oxygen in the WA
layer in -towards- the core resulting in non-LTE free-boun~ recombination
radiation. Preliminary analysis of this possibiky suggests a maximum
enhancement of 2Xor 3x in photon yield from pre-peak compression mix for the
undoped ca sule. TIWCis substantial but no-where near what is needed. Late.

f!time mix o ers some possibility for somewhat mm significant emission and is
under study.

CONCLUSION

We conclude that there is substantial evidence from both the continuum
backgrmmd in the spectroscopy and from the photrm yield and image width that
the inner pusher is emitting more strongly than predicted. By zeroing the pusher
absorption opacity, the

E
ssibility can be ruled out that the pusher has been

partially breached and t the enhanced emission is core emission (his can
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enhance Ar lines but&xx not change the continuum backgroundmuch). Mix of
the WA lap andsubseqtnmt emission of recombntion radiation by k oxygen
caa probably oniy account for a small fraction of the * compression emission.
TM leaves only enhanced pusher T as the source o~ the excess emission. There
are, in-turn, two obvious sources o{enhanced l’; turbulent viscnus heating; and
non-local M transport effects (e.g. Fokker-Planck). Both of these are under
current investigation.
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