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Enhanced Stability of National
Ignition Facility (NIF) Ignition
Capsule Designs

Recent NIF ignition capsule designs
have significantly less growth of short-
wavelength hydrodynamic instabilities
than previous designs, according to simu-
lations. The graded doped beryllium cap-
sule design, described in the D e c e m b e r
2003 Bimonthly Update, has been adopted
as our new point design due to its
remarkable stability.  In addition, we also
have a graded doped plastic design and
reoptimized uniformly doped designs; all
a re significantly more stable than pre v i-
ous designs (see Fig. 1).

The stability of these capsules
relaxes specifications for surface ro u g h-
ness for targets by almost an order of
magnitude over earlier specifications.

F u r t h e r m o re, the enhanced hydro d y-
namic stability opens the possibility of
in-situ filling of the capsule with DT
fuels using a small tube, a significant
simplification in the capsule filling and
fielding process. A p reliminary estimate
of the relaxed tube re q u i rement, based
on linear analysis, is shown in Fig. 2.
M o re detailed hydrodynamic simula-
tions of a capsule with fill tubes, to
assess nonlinear jetting, are in pro g re s s .

The graded doped capsule has
been designated as a new point design
and we are performing a detailed
analysis of its sensitivities and perform-
ance. Integrated 3D calculations have
p roduced excellent symmetry, as
shown in Fig. 3.  This simulation put in
1.6 MJ of absorbed laser light and yield-
ed 11.8 MJ, compared to 16 MJ for a
perfect 1D implosion. This simulation
assumed a central DT gas density of 0.5
mg/cc, since forming a good ice layer
may re q u i re operating at a higher cen-

tral gas density. This reduced its yield
relative to the results in Fig. 1.

We have used simulations of the
capsule implosion only, in 2D, to quan-
tify the sensitivity to combined uncer-
tainties. These simulations include
deviations in almost every input
p a r a m e t e r, including 20 1D variations
(e.g., capsule dimensions, shock timing)
and most 3D effects (e.g., surface
roughness on all interfaces, and low-
mode asphericities). The assumed
value for each uncertainty was chosen
randomly from a normal distribution
with width equal to the specification
for that uncertainty. Nominal uncertain-
ties only reduce the yield by about 10%,
and a multiplier of more than two can
be put on the whole set of uncertainties
b e f o re the yield is reduced by 50%. The
tolerable multiplier depends on the
central gas density: with 0.5 mg/cc and
nominal 3He, a multiplier of 2.3 gives
50% yield, while with 0.3 mg/cc and no
3He, the multiplier can be as big as 3.3.

Based on the remarkable stability
of these new designs, future work in
t a rget fabrication will focus on develop-
ing graded doped Be and CH c a p s u l e s ,
and DT capsule filling through 
m i c ron-scale fill tubes.

Fig. 1. Sensitivity of several recent ignition
capsule designs to ablator surface rough-
ness. These simulations include modes
above 12, and assume the same power
spectrum for the perturbations, which for
high modes is the “NIF standard” used by
target fabrication to evaluate power spectra.
The capsules are all “scale 1,” requiring
about 1.5 MJ of laser energy absorbed in a
300-eV hohlraum. The curves are: (a) plastic
capsule prior to 2003; (b) graded doped
beryllium; (c) recent reoptimization, uniform-
ly doped plastic capsule; (d) graded doped
CH; and (e) recent reoptimization, uniformly
doped beryllium.

Fig. 2. Estimated implication of the enhanced
stability for the requirement on the diameter
of a capsule fill tube. For the capsules shown
in Fig. 1, with the same legend, linear analysis
was used to estimate how large a perturbation
results from a tube attached to the capsule.
This suggests that the specification can be
relaxed from 5-µm diameter to about 17 µm.
Any tube diameter in this range would proba-
bly allow for an in-situ fill scenario, but the
larger tubes would make it significantly less
demanding to fabricate. 

Fig. 3. Imploded configuration in a 3D inte-
grated calculation of the graded-doped
beryllium design in a gold hohlraum. The
small 3D asymmetry results from the pattern
of the beams in the NIF configuration.
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