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ABSTRA~CT

A cryogenic, P-layered NIF ignition capsule with a
beryllium ablator that employs a BeO dopant (2% O) for
opacity control is described. The design has an optimized
yield of ’12 MJ and uses a “reduced drive” hohlraum
temperature pulse shape that peaks at -250 eV. Shock
timing sensitivity calculations have been performed for this
capsule design. Individual uncertainties of 1) -200 ps in
the timing of the foot pulse; 2) -5Y0 in the x-ray flux of the
foot pulse and first step; 3) -10% in the ablator EOS; or 4)

- 5 p m in the DT ice layer thickness each have a
significant impact on thermonuclear yield. Combined
uncertainties have greater impact than isolated, individual
issues. For example, a combination of uncertainties of:

200 ps in the foot + 2 eV in the foot + 5 pm in the DT
thickness results in a calculation that produces only -1% of
the original design yield. A second, more speculative,
capsule cmcept utilizing a liquid DT ablator is also
discussed. This design produces a 5 MJ yield in a 250 eV

peak drive calculation.

I. INTRODUCTION
Numerical simulations indicate that the success of

indirect-drive ignition capsules in the National Ignition
Facility (NIF) will depend critically upon our ability to
reduce the uncertainties in target x-ray drive and shock
timing measurements. For this reason, capsule
optimization and sensitivity calculations are an important
component in the NIF ignition campaign1>2 and have
milestones that are tied directly to diagnostic development
for ablator burnthrough and shock propagation

experiments. Such calculations will set the performance
requirements for several of the key NIF ignition
diagnostics?. In particular, specifications for the ASBO
(active shock breakout), VISAR (velocity interferometxy
system for any reflecting surface), SXI (streaked x-ray
imager), Dante (a K- and L- edge filtered photocathode
array), and streaked radiography NIF diagnostics will
depend upon the calculations of ignition capsule shock
timing sensitivities.

To date, there exist about a half-dozen indirect-drive
NIF ignitic,n target designs based upon fully-integrated 2D
radiation-hydrodynamics calculations (i.e, calculations

including laser
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beam input, hohlraum behavior, and
capsule implosion). Recent overviews of these

calculations can be found in References 4 and 5. For the
purpose of setting NIF ignition diagnostic requirements, it
is of interest to examine sensitivities for capsules based
upon the most marginal of the drive parameters that might
be seriously considered for ignition on NIF. Such a
“reduced scale” (-900 kJ, 250 TW laser) NIF ignition
target has been developed by Dittrich, et al.6 In that design,
a radially varying copper dopant is used for controlling the
opacity in a beryllium ablator. More recently, thought has
been given as to how the level of Cu dopant might be
reduced or eliminated so as to absorb more energy from a
reduced drive NIF hohlraum7. A possible solution might
be found in capsule designs proposed over the past several
years at Sandia National Laboratories. Sandia indirect-
drive Be ablator capsules employing BeO as the only
opacity control dopant have been used in calculations of a
light ion beam target8 and z-pinch targetsg.

In the present work, the spectrally-dependent capsule
x-ray drive for the 900 kJ NIF hohlraum6 is used as input
in sensitivity studies for the Be+BeO ignition capsule
shown in Figure 1. This capsule is based upon a modified
version of the Sandia z-pinch ignition capsuleg. As will be
shown in Section II, the NIF version of this Be+BeO
ignition capsule has been optimized to produce a yield of
12 MJ in ID calculations, but is sensitive to shock timing
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Figure 1: Dimensions and reduced NIF hohlraum drive for

the ~-layered ignition capsule with a Be+2%0 ablator.
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the magnetic field compnxses the PST. The x-ray pulse
and the associated heating of the hohlmum is varied by
changing the PST. The single-sided drive of Fig. 1A is
that which has been tested to date and is that which is
associated with the measurements discussed here. The
two-sided drk of l%g. lB is presently under
development. It will permit both hotter and more
spatially symmetric radiation fields to be produced
witim the hohkaumj where a capsule could be
positioned with appropriate shine shields.

II. EXPERIMENTAL ARRANGEMENT
The use of large numbers of wires in arrays with

interwire spacing <0.5 mm is essential for generating
high radiated powers from z-pinches [9, 11]. Nesting the
arrays, moreover, enhances the power in targetless
pinches [12]. Accdingly, the z-pinch load in these
experiments (Hgure. 1A) is made of outer and inner
arrays of wire where the spacing is -0.5mm. The
associated array diameters Q) of 35-40 mm and 17.5-
20 mm, array masses of -2 mg and -1 mg, and wire
length ~) of 7-10 mm used me designed to provide
reasonable coupling of the generator’s magnetic energy
into kinetic energy of the arrays prior to stagnation.
Optimization of this coupltig into x-rays has yet to be
completed. The measurements presented here am only a
sample of that which can be achieved with this
geometry.

The hohlraums used are thin walled (25.4-pm
thickness) gold cylinders, measuring either 6-mm in
diameter (QJ by 7-mm in height (HJ (ignition scale) or
4-mm in both diameter and height. The hohlraums are
empty, except that used for shot 2459 (Section HI). The
hohlraum temperature is measured with two independent
diagnostics, each of which views the interior wall of the
hohlraurn through the same qkwture (-3-mm diamekr
for the 6x7-mm hohlraum or 2-mm diameter for the
4x4-mm hohlmum) [13]. One measurement uses a
transmission-grating-spectrometer. The other
measurement uses a total-energy bolometer and faltered
x-ray diodes. The peak temperature extracted from either
set agrees with one another to H %.

Plasma closure of the diagnostic hole with time is
measured with a multi-falter@ fast-framing, pin-hole
camem sensitive to x-rays in four dkcrete spectraI
channels covering 100 to 600 eV. For the temperatms
discussed here, a ccmection for the reduced hole size with
time based on the these images is used. For the 4x4-
mm2 hohlraum with the smaller diagnostic hole, a 5-
mg/cm2 CH foam is placed in the hole to retard hole
closure. Radiation magnetohydrodynamic co& (RMHC)
calculations show, however, that the CH did not reduce
the closure rate and only acted to reduce the measured
temperature by-2 eV. Ltited images of the hole wem

available fm this condition. Accordingly, the closure me
measured for the large untamped hole is used to coxmct
the temperahue measured for the small hole when
images were unavailable.

The radiation entering the hohlraum is estimated by
an additional suite of on-axis diagnostics [10] that view
the source through the REH when the hohlraum is not
present. Over the meawued x-ray input powers P of 0.7
to 13 TW, the hohlraum temperature T scales as the
Planckian relation T-(P/A)*’4, whcxe A is the surfke
am of the hohlraum (Rgme 2). In Figure 2, aII the
data except the highest temperature data of -150 eV
~nd to those measured with the 6x7-mm
hohlraum [13].
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Figure 2 Measured hohlranm temperature (Shot T)
as a function of measured on-axis x-ray power (Shot
P). The Planckian is normalized by a calculation at
13 TW [13]. 153 mm2 comesponds @the surface
area of the 6x7-mm2 hohlraum.

III. TEMPERATURE PROFILES
Figure 3’ illustrates two representative tempemture

profdes designed to ignite 2-mm diameter Be+mated
capsules on NIF. In the figure, W and D conqond to
the 30&eV peak-temperature and 250-eV dud peak-
tempemture drive of References 14 and 15, respectively.
Shown also in the figure = three temperature pulse
shapes measumd with two diffenmt PSTS and the two
difkrent hohlraum sizes. Shots 2251 (Figure 3A) ad
2441 (Hgnre 3B) use the 6x7-mmz hohlraum, while
2459 uses the 4x4-mm hohlraum (Figme 3C). Shot
2251 uses a 5.8-mm diameler REH with a PST of 8
mm diameter (’DPm)and a 18-yg/cm2 Cu shell filled with
10 mg/cm3 foam. Shots 2441 and 2459 use a 4-mm
diameter REH with a 5-mm diameter PST constructed
solely of 14-mg/cm3 foam. In 2459, the hohlraum is
fdled with a low-density 10 mg/cm3 CH foam. Relative
to the empty-hohlraum shots 2442 and 2458 @lgure 2),
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the foam helps reduce the closure of the REH md
permits the tempemture of the small hohlratun to
increase by -745 eV to -160 eV (13gure 3C).

The time-depdent tempemture genemted with the
largerdiameter, more-massive PST (2251) simulates the
-85 eV, -10-ns foot pulse in the 6x7-mm2 hohlraum
@shed region in Figure 3A). The temperature generated
with the less massive target (2441), in contrasc
provides a reasonable match for simulating the
temperature associated with the first-step pulse (hashed
region in Figure 3B). Because the solid foam target
permits the pinch to compress to -0.5-mm radial
dimensions, smaller hohlraums with reduced diameters
can also be efficiently heated with thk target md
therefore driven to yet higher temperatums. Thus,
alternatively, reducing the hohlraum size to 4x4-mm
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Figure 3: Comparison of two representative NIF
radiation temperature profks W and D with those
measured for (A) 2251, (B) 2441, and (C) 2459.

with this target enables the Wlghertemperature asmchkd
with the next step to be also reache@as shown by the
measured tempemture history of 2459 with the hashed
region in Figure 3C.

Figures 4A and 4B plot the csknkd axial
tempdature profile of the inside wall adjmt the
diagnostic hole for the 6x7-mm (associated with 2387)
and the 4x4-mm hoidraum (associated with 2442 ad
2458), respectively, using a 3D-radiosity code
assuming an estimated albedo of 0.8 [13], Z387 is
simiiar to 2441, except the foam PST was temoved ad
the hohhzuun had an additional diagnostic hole centered
on its top. These changes increased the incident x-my
power through the F2EHby -20% (from 11 to 13 ‘ITV),
butalso kreased theaxird temperature gmdientaai
radiation loss, nxpectively. The tempemtums meswued
are in excellent ageement with the calculations,
providing confidence in *e two-sided drive profdes also
calculated in Figure 4 and discussed next.

Specifically, if instead of a single pinch (Figure 1A),
the wtie mass were to be distributed in two indepmdent
pinches of roughly half the leng@ of a single one (in
order to maintain a similar over-all load inductance) with
the hohlraum sandwiched between the two (Figme lB),
the power entering the hohlraum should be roughly
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Figure 4 Calculated axial temperature profdes
for one and two-sided x-ray drives for (A) 6x7-
mm and (B) 4x4-mm hohraums, showing the
data taken corresponding to the one-sided drive.
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doubled bexause the on-axis power is generated primarily
near the pinch ends. The peak temperature associated
with this Single-fd but now two-sided x-ray ddve
could then be inmmsed to -155 eV for the 6x7-mm
hohlrautn or -195 eV for the 4x4-mm hohlraum, with a
si~lcanlt improvement in temperature uniformity This
two-sided arrangement would thus permit greater fidelity
NE studh:s to be performed, and importantly, permit the
generation of a measurable number [7] of DD neutrons
to be generated m Be-coated capsules.

Even with the asymmetry of a Z459-type ddve
geometry and tempemture, RMHC calculations suggest
that -1011 neutrons could be produced from a 2-mm
diameter IDz-ffled capsule having a 70-I.u33 thick Be
ablator. WMh such a source, meaningful neutron
diagnostic and capsule fabrication studies could begin
[8]. Here {heburn time is long (-1 ns), the diameter big
(-100 pm), and tempemtme low (-1 keV). Such data
would complement that obtainable from the short burn
time (-50 ps), small diameter (-10 pm), hot (-10 kev)
implosions available on OMEGA.

IV. HOIKLRAUM CHARACTERISTICS
RMHC simulations such as those of Reference 16

am used 10 understand the underlying dynamics of the
implosion, and to provide insight into the radiation aod
plasma fields inside the hohlraum. These simulations am
2-D integrated calculations that take into account the
development of the Rayleigh-Taylor instability in the r-z
plane of lthe imploding load, energy generation as the
plasma assembles on the PST, md radiation transport to
the hohlraum. The simulation of Z441 (Figure 2B) at
the time of peak temperature, for example, shows that
the radius of the REH is duced by 0.2 mm, the gold
wall has expanded mdially by -0.25 mm, and the
tungsten plasma has expanded axially through the -0.5-
mm depth of the REH, with only CH plasma entering
the hohlraum. At this time, the gold walls of either the
6x7-mm ctr the 4x4-mm hohlrautn expand inward at the
rate of -JD.2 mm/ns. In contrar+ the radius of the
diagnostic hole (where the optical depth > 1) closes at
the rate of -0.09-0.12 mm/ns, with the upper limit
associated with the 4x4-mm hohlraum. And for the
duration alf the temperate rise, the density of the CH

plasma in the hohlraum above the REH remains low
(-103 g/an3).

V. CONCLUSIONS
In conclusion, the measurements made with this

srngle-sideddrive, static-wall-hohlraum geometry on Z
have shown the ab~hy to generate temperature pulse
shapes of utility to pm-NIF studies up to peak
temperatures of -130 eV in full ignition-scale
hohlrmum, and -160 eV in xeduced-scale hohlraums.

The RMHC simulations, like the measurements [10]
suggest that over useful radiation drive times, the main
volume of the hohlrrnuns remains &nively tlee of z
pinch plasma. Static radiosity calculations indicate that
implementing a two-sided drive can substantially
enhance the utility of this geometry. Under these
conditions, peak tempemtures of -155 and -195 eV are
expect@ for the 6x7-mm or 4x4-mm hohlrattm,
respectively.
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