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In inertial confinement fusion, the threshold for ignition is a highly dynamic quantity as the sources and sinks of power
in the hot spot can vary rapidly. In this article, we consider the ignition condition as a race between heating and
disassembly rates and make use of a prior solution to the fusion hot-spot thermodynamics to develop a Lawson-like
ignition criteria for pressure x confinement time (p-7) versus temperature. Low-Z capsule designs reach the temperature
for this threshold using as much of the shell as feasible as ablator but then are limited in T by low stagnated mass.
An alternate approach, the pushered single shell (PSS) design! introduces a dense inner layer of Mo-Be alloy that
is smoothly graded outward to pure Be, increasing the confinement time at stagnation and lowering the temperature
requirement at the ignition threshold. Here we describe a PSS ignition design for the National Ignition Facility (NIF)
and use the theory as well as simulations to compare it with the low-Z capsule approach. Additionally, we show how
an adjustment to the design is used to anticipate the effects of mixing at the fuel-ablator interface.

I. INTRODUCTION

In order to gauge progress towards achieving ICF ignition
the laboratory, it has been common practice to define ignition
metrics for the imploded state against which laboratory re-
sults can be compared”~’. Many of these ignition metrics are
derived following Lawson® by equating the rate of energy de-
position by the alpha particles from deuterium-tritium fusion
reactions to the rate at which energy is lost from the fusing
plasma. These frame the ignition criteria as a threshold for the
product of hot spot pressure and confinement time (p-7) and
are often referred to as Generalized Lawson Criteria (GLC)%?,
with the threshold parametrized as p-t(T). Physically these
criteria represent a threshold for the onset of burn propagation
at which the alpha deposition power is sufficient to raise the
temperature locally at the boundary of a "hot spot" to cause
further fusion reactions, thus expanding the volume of burn-
ing plasma. In service of a more measurable definition of ig-
nition, recent studies®’ examine the ratio of the neutron yield
produced by the implosion in the presence of alpha deposition
versus the yield produced by a similar implosion without al-
pha heating, with the “yield amplification” ratio found to be
several tens at the ignition threshold.

The p-7(T) form for the GLC highlights the trade-off
for a given implosion kinetic energy at stagnation between
shell mass remaining (through 7) and implosion peak velocity
(through T'). Low-Z materials make for efficient ablators, and
this choice for the capsule shell generally drives this trade-
off towards higher velocity at the expense of stagnated mass.
Indeed, the highest performing laboratory implosions to date
use CH or pure C for the capsule shell'®!! and typically re-
tain only a very small fraction (2~3%) of the initial shell as
stagnated mass to participate in confinement. However, higher
velocities tend to increase Raleigh-Taylor instability growth in
ICF capsules!? through greater acceleration and deceleration.
In fact, experimental evidence suggests a cliff in ICF implo-

sion performance due to a loss in confinement that is propor-
tional to a high power of velocity!®!3. The potential hazards
of high velocity motivate a consideration of lower-velocity de-
signs, where, as we shall show, the additional stagnated mass
permits access to the ignition threshold at lower temperature.

Il. DEVELOPMENT OF THE IGNITION METRIC

We posit that the ignition threshold can be thought of as a
competition between the static heating rate and the disassem-
bly rate. We begin our analysis, which closely follows that of
Reference 7, by examining the time derivative of the internal
energy (Ejs = meprT) of an ignition hotspot:

dEp dm dT
= T— — 1
dt CDT( dt erdt) M

where T is the hotspot temperature, m the hotspot mass and
cpr = 0.115 GJ/(g-keV) is the heat capacity of equi-molar
deuterium-tritium fuel. The time derivatives of the hotspot
temperature and mass are described by:
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where O, is the heating rate per unit mass from DT fusion al-
pha particles, Qp is the radiated power per unit mass from the
hotspot due to bremsstrahlung x-rays, and Q, is the power per
unit mass lost at the hot spot boundary due to electron ther-
mal conduction. fy represents the fraction of alpha particles
from DT fusion that deposit their energy in the hot spot and fp
the fraction of the radiation from DT fusion that escapes the
hotspot (fz may be < 1 if the hotspot is not optically thin to the



bremsstrahlung x-rays). Equation 2 represents the dynamic
power balance per unit mass of the hotspot under the assump-
tion that there are no sources or sinks other than alpha heating,
electron thermal conduction, radiation and pdV work. Equa-
tion 3 represents the assumptions that in a cryogenic-layered
fuel implosion, some losses at the boundary with the cold fuel
are “recycled” into hot spot mass, namely alpha particles and
electron heat conduction. In particular, the first term on the
right hand side of Equation 3 simply states that the fraction of
alphas not absorbed in the hot spot (1 — f) will be absorbed
in the inner layer of cold fuel, converting that cold fuel mass
into additional hot spot mass. This assumption is valid for the
case in which the alphas have a very short range (2~3 pum) in
the dense fuel just outside the hot spot, consistent with mod-
ern calculations of alpha stopping!#. The assumption is quite
useful in what follows at it removes f, and therefore its de-
pendence on temperature and hotspot areal density from the
hotspot heating rate.
Combining equations 1-3 we write an expression for the net
hotspot heating rate:
Ep Qo — f8O8
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Here Qq = 8.2 x 10**p(cov), Qp = 3.1 x 107p+/T, both in
units of GJ/(g-s), and (ov) is the D-T reaction rate per unit
volume as a function of temperature'>. Following Reference
16, we will use a fit to equation 5 to produce a form for F(T')
in units of cm>/(GJ-s) that is closely matched to that using the
Reference 15 value of (ov) in the range of 2 < T < 10 KeV:

F(T)~ [474+11f+ (0.4 +0.86f3)T]In <43ng3) x 108

(6)
Note that if the temperature is less than 4.3/ keV, F(T) < 0.
This simply is a statement of the minimum temperature for a
positive static hot spot power balance in the absence of PdV
work.

Two processes, alpha heating and pdV work, have the po-
tential to add energy to the hotspot and serve to increase
hotspot temperature leading up to minimum volume. How-
ever at minimum volume the pdV work becomes a loss term,
and the hotspot will only continue to heat as long as the al-
pha heating power continues to exceed the power lost due to
pdV expansion and radiation. Thus, the approach to ignition
can be thought of as a “race” between the static heating rate
and dynamic disassembly rate, characterized by the two terms
on the right hand side of equation 4. For implosions near-
ing the ignition threshold, the alpha heating will exceed the
losses for some time after the start of the expansion, and the
critical “bootstrap” time to consider when defining this thresh-
old is therefore the period from the onset of stagnation to the
peak rate of fusion energy production®. Figure 1 illustrates
this phenomena by plotting the fusion energy production rate
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FIG. 1. Fusion energy production rate for an implosion simulation
without (black) and with (red) alpha deposition. Also plotted are the
burn-weighted ion temperature (dashed) and the static heating rate
prsF (T) from equation 4 (dotted). Afppprs1rap is the period from the
beginning of the no-alpha burn-width until the peak energy produc-
tion for the simulation with alpha deposition and represents the time
during which the heating rate must exceed the disassembly rate in
order to achieve significant yield amplification.

for a 1D LASNEX!7 simulation of a “High-Foot”!® CH im-
plosion performed at the National Ignition Facility!*2° (NIF)
together with that of the same simulation run without allow-
ing alpha particles to deposit energy. The ratio of the integrals
of the two curves is therefore the yield amplification due to
alpha heating (~ 23 in this case), and the bootstrap time is the
period from the beginning of the no-alpha burn-width until the
peak energy production for the simulation with alpha deposi-
tion. Also plotted are the static heating rate term pF (T) from
equation 4 and the burn-weighted ion temperature. For this
analysis, we wish to find the average static heating rate

(pusF (T)) = Jo" pusF (T)dt
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Here Ty corresponds to the peak temperature, and again fol-
lowing Reference 7 the polytropic index ¥ = 5/3 comes from
the adiabatic assumption for the pressure approaching stag-
nation. The simulation results plotted in figure 1 indicate
that Atpoersirap 1S consistent with the characteristic rise time

of the ion temperature, Tpy = \/z used in Reference 16 to

T
perform the integration in equation 7 by the method of "steep-

est decent". We note from Figure 1 that p,F(T) is nearly as



peaked as the fusion rate, consistent with the assumptions for
this method.

Next, we examine the pdV work term in equation 4 in order
to derive a disassembly rate. Precisely at stagnation dV /dt =
0, but we wish to examine the behavior of disassembly so we
expand about minimum volume:

%div—idziv(tft )
Eps dt 3V dr? i
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where R is the hot spot radius and the 2RR? term in the integral
represents residual shell velocity which is only non-zero in
the case of 2D or 3D shape asymmetry; we will neglect it
for this 1D analysis. Here we note that the deceleration is
related to the force exerted by the stagnating hot spot across
the stagnation shock through Newton’s second law'3:

Ry = (10)
* Mvtag

and we identify 2(f —t,,;,) as the confinement time, which can
also be written in terms of the stagnated mass Msmg9:

M, stag

— (11)
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Finally, we can use equations 7, 9, 10 and 11 to re-write equa-
tion 4, the net heating rate, as:
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Our original ansatz, that to cross the threshold for thermonu-
clear ignition the static heating rate should be greater than the
disassembly rate, then becomes:

pth(TO) >

or phsTcoan(TO) > 1 (13)
Teon f

We find two important consequences from the ignition crite-
ria described by equation 13. First, together with equation 11,
equation 13 implies that for similar hot spot radii and pressure
near the ignition threshold, the criteria is proportional to the
square root of the stagnated mass. Next, we note that Refer-
ences 7 and 16 obtain a condition very similar to equation 13
but with 7., replaced by gy and the thermodynamic con-
sequence that when this criteria is met, pressure is increasing
even as the hot spot volume is also increasing. In principle, the
experimentally determined 7y should be well approximated
by the dynamic confinement time 7, s, but experimental con-
firmation of this is still an outstanding question.

Ill.  DESIGN OF THE PUSHERED SINGLE SHELL
PLATFORM

The relationship between stagnated mass and the ignition
metric developed in the previous section has important impli-
cations for ICF design, and the design of the Pushered Single
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FIG. 2. (a) Schematic of the PSS capsule designl. (b) Detail of
the Mo density and concentration gradient. (c) For the Be/Cr cap-
sule, the requested (red) Cr concentration is compared with one ex-
tracted from a Monte Carlo simulation of energy-dispersive x-ray
spectroscopy across the polished shell cross-section (green), with a
scanning electron microscopy image of the shell cross-section inset.

Shell (PSS) capsule'-21:?? seeks to take direct advantage. The
capsule design is illustrated in Figures 2(a) and (b). In partic-
ular, in this design the ablator shell is graded from pure beryl-
lium to a mixture of beryllium and molybdenum. A density
gradient in the ablator helps stabilize an otherwise classically
unstable interface against Rayleigh-Taylor growth??, and the
shape of the concentration/density gradient for this point de-
sign, shown in Figure 2(b), has been carefully constructed to
significantly improve implosion stability over a discrete tran-
sition to a dense inner layer. A 30 um layer of 0.9% Mo im-
mediately outside of the graded section minimizes the amount
of the graded layer that is ablated, increasing the mass re-
maining at stagnation. A 4 um layer of pure Be is included
inside the Mo layer to improve stability by placing a low pre-
heat layer next to the fuel®*. Simulations resolving the mea-
sured capsule surface roughness at high mode demonstrate the
graded PSS capsule point design with this additional Be layer
significantly reduces fuel-ablator mixing over designs with
steeper gradients or without the extra Be layer. These insta-
bility calculations as well as a detailed description of how the
density profile shown in Fig. 2 is obtained will be described in
a forthcoming publication®, while additional design consid-
erations in anticipation of some amount of fuel-ablator mixing
are discussed below.

PSS capsules using beryllium graded with chromium to
achieve a similar density profile have been successfully fab-
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FIG. 3. (a) Geometry of the hohlraum and laser cone configuration
used to simulate the x-ray drive for the PSS implosion design. The
red and blue beams comprise the “inner cone" while the green and
cyan beams comprise the “outer cone". (b) Total NIF laser power vs.
time delivered to the hohlraum for the PSS implosion.

ricated, and initial implosion experiments on the NIF provide
evidence of the efficacy of the graded density scheme. Figure
2(c) demonstrates how a close match to the requested den-
sity profile (in red) can be attained in practice (green). These
Be-Cr capsules have been filled with high-pressure deuterium
and tritium gas and tested in implosion experiments. Details
of these capsules and experimental results will be described
also in forthcoming publications.

The NIF PSS capsule is imploded by x-ray ablation from a
laser driven hohlraum. The walls of the hohlraum are made
from depleted uranium coated by a very thin (<1 pum) layer
of gold. The geometry of the hohlraum is shown in figure
3 together with the NIF laser power history used to gener-
ate the x-ray drive. The figure provides representations of the
NIF laser “cone” geometry, which consists of azimuthally dis-
tributed groups of beams at 23°(blue), 30°(red), 44.5°(green)
and 50°(cyan) relative to the vertical axis?’. The total energy
used in the PSS platform design laser pulse is 1.7 MJ. This 3-
shock pulse increases the ablation pressure in discrete steps so
as to minimize the entropy added to the cryogenic fuel layer.
The power profile is designed with the capsule thickness in
mind such that the three shocks remain separated from each
other as they transit the PSS capsule, including the cryogenic
fuel layer, merging only once they break into the vapor in the
interior of the capsule.

The hohlraum contains a low density (0.225 mg/cc) He fill
to partially tamp the hohlraum wall motion during the pulse,
which would otherwise interfere with laser propagation. This
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FIG. 4. Plot of ion temperature and density at minimum volume from
the integrated laser-hohlraum radiation-hydrodyamics simulation of

the PSS implosion.

low density fill is a compromise between suppressing the wall
motion and minimizing stimulated Raman scattering of the
incident laser light away from the laser entrance hole?’. Sim-
ulations show that the partially tamped wall motion eventually
interferes with the inner (23°and 30°) laser cones, causing the
implosion to tend toward an oblate shape due to insufficient
drive over the capsule waist. Thus, the PSS hohlraum design
also employs cross-beam energy transfer (CBET) to compen-
sate for this deficiency in inner beam propagation by trans-
ferring additional power to the inner cones. This has been
accomplished in PSS implosions on the NIF to-date by in-
troducing a small separation between the laser wavelength
of the inner and outer cone beams?®. Two-dimensional inte-
grated laser-hohlraum LASNEX simulations that incorporate
this CBET effect have been used to successfully model the
these implosions; the same model is used to calculate the im-
plosion symmetry for the cryo-layered design presented here.
Figure 4 shows the density and ion temperature profiles at
minimum volume from this calculation of the PSS implosion
that employs a 2.5A separation between inner and outer cones
to achieve symmetry. The low-mode behavior of the implo-
sion is controlled sufficiently well such that the areal density
of the shell along any azimuth exceeds 1 gm/cm?, and the
yield of the 2D simulation (4.0 x 10'® 13-15 MeV neutrons)
is within 20% of the yield from a 1D simulation using the
equivalent x-ray drive.
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FIG. 5. (a) Comparison of the PSS and pure carbon "BigFoot" cap-
sule designs (b) Radiation temperature histories used to drive the PSS
and BigFoot capsules for the simulation comparisons.
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maximum of 1000 g/cc, and the hot-spot boundary and the normal-
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IV. COMPARISON OF PSS AND LOW-Z CAPSULE
IMPLOSIONS

To illustrate the dramatic difference at stagnation, we make
a detailed comparison of 1D implosion dynamics between a
PSS implosion and that of a typical high-density carbon ab-
lator as represented by the "Big Foot"?® capsule. Figure 5(a)
compares the PSS capsule with that of the pure carbon “Big
Foot” design, and figure 5(b) overplots the hohlraum radiation
temperature histories used to drive each implosion. Each drive
was chosen such that the corresponding implosion achieves a
yield amplfication of ~ 25; the Big Foot hohlraum drive was
calculated from a 2.1 MJ, 550 TW laser pulse, and the PSS
hohlraum drive from a 1.95 MJ, 470 TW laser pulse. We note
that current facility limitations for the NIF cap the total laser
pulse energy at 2.0 MJ and the peak laser power at 500 TW.
Thus the PSS platform represents a feasible path to achieve
significant yield amplification within the current NIF operat-
ing limits.

In general, the thinner HDC shell of the Big Foot design

allows for a shorter overall laser pulse, which in general is
easier for symmetry control. However, the PSS pulse does not
include a high power “picket” at the beginning of the pulse
which has a tendency to exacerbate symmetry problems due to
the enhanced inward radial velocity of the ablated hohlraum
wall®®. The absence of the “picket” in the pulse combined
with the aforementioned wavelength separation results in a
symmetric implosion in an integrated laser-hohlraum LAS-
NEX simulation including CBET, as shown in figure 4.

Figure 6 compares the density history as a function of ra-
dius for the Big Foot versus the PSS implosions for two 1D
simulations. The pair of simulations in figure 6 do not in-
clude alpha particle deposition; however, when alpha particle
deposition is included, these simulations achieve similar yield
amplifications ~ 25. Over-plotted in the figure is the energy
production rate during stagnation to illustrate the burn dura-
tion. An important metric for comparison is the ratio of the
masses inside the stagnation shock at minimum volume for
the PSS implosion to that of the BigFoot implosion: 3.8 (the
ratio of the total pRs at stagnation is 2.5). The boundary of
the stagnated mass is determined by the outgoing stagnation
shock, which is clearly delineated in the density color maps.
The burn-weighted pressures at stagnation for these two sim-
ulations are nearly equal at 360 Gbar. Taking into account the
hot-spot radii, equation 11 predicts the ratio of the confine-
ment times to be 2.0, consistent with the ratio of the FWHM
of the burn histories (figure 6 red curves) of 2.2.

Equation 13 predicts that the significant increase in confine-
ment time for the PSS implosion will reduce the temperature
at which the ignition threshold is reached. To test this con-
clusion, a series of 1D LASNEX simulations are run for the
PSS implosion as well as analogous series of implosions using
low-Z ablators: pure carbon (the Big Foot design from figure
6), plastic (the High Foot'® design), and a beryllium design
using 1-3% Cu dopant®!. For each type of capsule, the series
of points is obtained by incrementally increasing the energy of
the NIF laser drive, resulting in corresponding incremental in-
creases in peak hohlraum radiation temperatures. Figure 7(a)
plots 1/H(T) from equation 8 together with points that repre-
sent pairs of implosions from each series of simulations. Each
point uses pp-T from a simulation that does not permit alpha-
deposition together with the peak burn-weighted ion temper-
ature from the identical simulation run with alpha-deposition.
For implosion pairs in which the yield amplification (ratio of
alpha-on to no-alpha simulation yields) is > 20 the markers
are changed from circles to squares. The simulations shown in
figure 6 for the PSS and Big Foot implosions are represented
by the black squares in their respective series closest to (just
exceeding) the GLC = 1 threshold. The PSS series is notewor-
thy as it is able to reach the ignition condition at a much lower
temperature, using less NIF laser power and energy, and using
an implosion with a significantly reduced velocity: 305 km/s
vs 380-410 km/s for the low-Z ablators.

To check that equation 13 corresponds to significant (~
20 — 30x) yield amplification, figure 7(b) plots the yield am-
plification for each 1D simulation series as a function of
GLC = pystH(T). We find that independent of the capsule
design and laser pulse shape, each implosion series reaches
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a yield amplification between 23 and 33 as it crosses the
GLC = 1 threshold of equation 13.

V. DESIGN CONSIDERATIONS ANTICIPATING
FUEL-ABLATOR MIX

The 305 km/s PSS capsule point design described above
highlights the fundamental differences between the PSS and
low-Z ablator implosions as seen in Figure 7(a), i.e. the ability
toreach GLC > 1 at peak burn-weighted hot spot temperatures
~ 6 keV. However, mixing between the fuel and shell has the
potential to reduce the temperature further through both radia-
tive cooling and lack of compression, resulting in a significant
reduction in performance. Based on both simulations> and
recent data?®, a degradation in performance from fuel-ablator
mixing is expected in the PSS implosions. It is important to
take this degradation mechanism into account in any design
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the buoyancy-drag model for fuel ablator mixing of (a) the 305 km/s
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concentration from O to 15% on a log scale. The green curve indi-
cates the hot-spot boundary, and the red curve is the burn-weighted
ion temperature x10. The dashed and dotted blue lines show the
radial extent of the mixing region.

put forward for laboratory ICF experiments.

By applying a buoyancy-drag model®'-3? for mixing at the
fuel-ablator interface to the 1D LASNEX simulations, we
can estimate the degradation for a given PSS implosion. For
this application, the model parameters have been calibrated
against the results of non-cryo layered PSS implosions on the
NIF?®. We note that the highest performing PSS implosion
shown in figure 7 uses an x-ray drive corresponding to 1.95
M]J delivered into the hohlraum shown in figure 3, essentially
the maximum capability of the NIF laser. Without mix, the
simulations calculate a GLC of 1.24 and a yield amplification
of 34; however, addition of the mix model reduces the burn-
averaged hot-spot temperature from 6.02 keV to 3.68 keV, and
the yield amplification to 3.

To hedge against the effects of fuel-ablator mix and im-
prove the chances of the laboratory PSS implosion reaching
GLC > 1, we modify the PSS capsule design by trading some
of the stagnated mass for peak velocity. We find that by elim-
inating the 0.9% Mo layer outside the graded layer (as was
present in figure 2(b)), the peak fuel velocity increases from
305 to 340 km/s. This increase in velocity is predicted by the
simulations to increase the temperature at stagnation enough
to overcome fuel-ablator mix and allow for significant yield
amplification. Figure 8 compares the Mo concentration as a
function of radius and time from peak fusion yield for a pair
of implosions driven by the same laser pulse. Both implosions
are driven with the same 1.95 MJ laser pulse and are simu-
lated with the same buoyancy-drag mix model parameters. In
figure 8(a) we see that for the original design, the incursion
of ablator material into the fuel prevents the instantaneous
burn-weighted temperature of the hot spot from reaching 5
kV during the stagnation, while figure 8(b) demonstrates how
the increased implosion velocity of the revised design results
in an increased and rising instantaneous burn-weighted tem-
perature approaching minimum volume which is sufficient to



overcome the additional cooling effects of the mix. Note that
in both cases the 1D simulations predict that the combination
of the 4 um pure Be layer together with the cold DT fuel layer
ultimately prevents Mo from reaching the hot spot and that the
source of degradation is lack of compression of the cold fuel.

High mode simulations such as those referred to in Section
IIT have been performed to examine the stability of this faster
implosion® and are in rough agreement as to the performance
degradation due to fuel-ablator mix with the buoyancy-drag
simulations described in this Section. The 340 km/s peak fuel
velocity is still significantly lower than, for example, the 380
km/s limit above which a degradation in performance was ob-
served for the CH High Foot implosions®}. The shell pR at
stagnation for the PSS implosion is 0.8 g/lcm? compared with
0.2 g/cm? as calculated for the High Foot, further insulating
the PSS implosion from the failure mode believed to have
capped the performance of the High Foot experiments'®. Ul-
timately, however, experimental data is needed for the PSS
implosion in order to determine if this revised design has suf-
ficient velocity margin to overcome the predicted degradation
due to mix. Should experiments show that the mix is more se-
vere than predicted, the research and development of the cap-
sule coating technology indicates capsules can be readily fab-
ricated with reduced peak Mo density. This both increases the
density gradient scale length as well as the implosion velocity
at some reduction to the tamping. The flexibility demonstrated
in fabricating the density profile to specification allows for a
significant enhancement of the possible design space for im-
plosions that can overcome the effects of mix and reach the
ignition threshold.

Figure 9(a) illustrates the difference in the Mo concentra-
tion and density profiles between the original 305 km/s and
the revised 340 km/s capsule designs used in the simulations
in figure 8. Figure 9(b) once again plots series of 1D LAS-
NEX simulation pairs in the space of pj;,T vs. T, together with
the GLC =1 curve. At high p;,7 are plotted the results from
the original 305 km/s PSS capsule design from figure 7 calcu-
lated without a model for fuel-ablator mix. Added to the plot
are simulation pairs using the 340 km/s PSS capsule design
profile shown by the blue and green points in figure 9(a) cal-
culated with and without mix. Note that the mix simulations
of the original 305 km/s design would be too low in temper-
ature to appear on the plot. For the original design as well
as the revised design mix cases, the NIF laser energy used to
drive the implosions spans the range from 1.7 MJ to 1.95 MJ,
while the revised design clean simulations require only 1.8
MJ drive to cross the GLC = 1 threshold. Further 1D simula-
tions show that in the absence of mix, the yield amplification
of the original design with its greater stagnated mass quickly
exceeds that of the revised design once the laser drive is al-
lowed to increase > 2 MJ. But once the practical constraints
of the NIF laser together with the expected (from simulations
and data) degradation due to mix are taken into account, fig-
ure 9(b) shows that the revised design simulations very nearly
reach the GLC = 1 threshold. Thus the faster revised design
represents a hedge against both NIF drive and predicted fuel-
ablator mix limitations by trading some of the original stag-
nated mass for implosion velocity.
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FIG. 9. (a) Comparison of the 305 and 340 km/s PSS capsule de-
sign shell profiles, and (b) the results of 1D simulation pairs for both
designs with and without mix relative to the GLC = 1 curve. In (b),
the labels indicate the range of NIF laser energies used for the 1D
simulation pairs. Note that the mix simulations of the original 305
km/s design would be too low in temperature to appear on the plot.

VI. CONCLUSIONS

By considering the ignition threshold as a race between
heating and disassembly rates, one arrives naturally at a
Lawson-like criteria for the ignition threshold. In the space
of ppsT vs. T, this criteria clearly highlights the difference in
approach to the ignition threshold for the PSS as opposed to
low-Z ablator implosions. By shifting the balance of velocity



versus mass in the implosion kinetic energy, the PSS platform
design accesses the ignition regime at a lower temperature,
and at a velocity less likely to push the implosion towards
instability. The PSS designs described in this manuscript
leverage recent advances in capsule fabrication technology as
well as state-of-the-art methodology for achieving symmetric
indirect-drive implosions on the NIF. Additionally, the point
design for experiments scheduled in 2022 anticipates some
amount of fuel-ablator mix in order to reach GLC ~ 1 within
the current NIF operating limits, but still at a significantly
lower velocity than low-Z capsule implosions to-date. Thus
the PSS platform design shows a promising approach to igni-
tion in the near term that may circumvent key obstacles cur-
rently limiting the performance of low-Z capsule designs.
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