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We present results from the spectral postprocessing of a one-dimensional hydrodynamic simulation
of an argon-doped, warm-shell shock-ignition implosion with a detailed atomic and radiation
physics model. The argon tracer is added to the deuterium filling in the core for diagnostic purposes.
Spectral features in the emergent intensity distribution in the photon energy range of the argon
K-shell spectrum that have potential for diagnostic application are discussed. © 2010 American
Institute of Physics. �doi:10.1063/1.3479024�

I. INTRODUCTION

Shock-ignition is an approach to inertial confinement
fusion1 �ICF� that relies on the low-adiabat implosion2 of a
thick-wall shell target that creates a high areal-density fuel
assembly, which is subsequently driven to ignition by a
spherically convergent shock wave, i.e., the ignitor shock.3

Initial shock-ignition experiments at the OMEGA laser
facility4 have been successfully performed.5 These experi-
ments were diagnosed with particle based diagnostics. Fur-
thermore, shock-ignition has aroused significant interest in
the ICF community and several recent studies have been per-
formed for possible shock-ignition experiments at the
National Ignition Facility6 in the United States as well as in
the future European HiPER facility.7 In this paper, we dis-
cuss the results of postprocessing a one-dimensional �1D�
hydrodynamic simulation of an argon-doped, warm-shell
shock-ignition implosion, similar to those recently performed
at OMEGA,5 with a detailed atomic and radiation physics
model. The goal is to compute the emergent intensity distri-
bution in the photon energy range of the argon K-shell spec-
trum in order to investigate spectral signatures that have po-
tential for diagnosing temperature and density in shock-
ignition implosions.

II. POSTPROCESSING RESULTS

The target consists of a spherical plastic shell with an
initial internal radius of 387 �m and a wall thickness of
40 �m, filled with 20 atm of D2 and 0.072 atm of Ar, which
is added to the core fill for diagnostic purposes. The laser
pulse has a low-adiabat pulse shape of �18.6 kJ UV laser
energy on target comprised of a 80 ps full width at half
maximum �FWHM� picket, followed by a 2 ns long main

drive with a sharp intensity spike at the end to launch the
ignitor shock wave �see Fig. 1�a��. These target and laser
pulse parameters were selected, in part, based on those used
in warm-shell shock-ignition experiments performed at
OMEGA.5 The 1D Lagrangian hydrodynamics code LILAC

�Ref. 8� was used to simulate the implosion. The different
stages of the implosion, core boundary, and ablation front
locations as well as the effects of the shock waves launched
by the laser pulse can be seen in the time-histories of the
Lagrangian coordinate trajectories plotted in Fig. 1�b�. Maxi-
mum compression occurs at t=4.72 ns, i.e., approximately
1 ns after the end of the laser spike, when the core radius
reaches a minimum value of �23 �m and the target areal-
density takes a maximum value of �0.210 g cm−2. Figure 2
displays the electron temperature and density spatial profiles
in the core and shell at six times during the implosion
collapse.

The core’s temperatures peak before the core’s densities
and their spatial profiles are countercorrelated. The range of
electron temperatures and densities in the core is suitable for
the application of argon K-shell emission as a spectroscopic
diagnostic of the implosion. At peak compression, the com-
pressed shell that confines the core reaches electron densities
in excess of 1�1025 cm−3 with a temperature of about 500
eV. This compressed shell can significantly attenuate the
tracer’s radiation emitted in the core. We note that the elec-
tron number density is related to the mass density via the
local average ionization state of the plasma. However, since
there is only a tracer amount of argon in the core, the core’s
electron number density is dominated by the ionization of the
deuterium atoms and thus the core’s mass density is approxi-
mately given by ��g /cm3�=3.2�Ne�1024 cm−3� with 3%
accuracy.

The emergent intensity distribution was computed by in-
tegrating the radiation transport equation along chords in the
target, one photon energy at a time, in the photon energy
range relevant for the argon K-shell spectrum, i.e., from
3000 to 4400 eV. Then, individual chord contributions were
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further integrated in order to obtain the space-integrated
spectrum observed along a line of sight. To this end, the
temperature, density, and frequency-dependent emissivity
and opacity of the core and shell are required. All bound-
bound, bound-free, and free-free contributions from the
deuterium/argon plasma in the core and the carbon/hydrogen
plasma in the shell within the spectral range of interest were
included. They were calculated using the atomic level popu-
lation distributions computed with the collisional-radiative
atomic kinetics model ABAKO.9 The atomic structure code
FAC �Ref. 10� was used to compute energy levels and line
transition rates, including unresolved transition arrays11 and
configuration interaction corrections. ABAKO takes into ac-
count all nonautoionizing and autoionizing states consistent
with continuum-lowering, which is estimated according to
the Stewart–Pyatt model.12 Radiation transport effects on
level population kinetics were considered via escape
factors.13 Since Stark-broadened line shapes are important at
the densities achieved in the imploded core, a database of
line profiles was computed for parent and satellite transitions
of the argon K-shell spectrum including the broadening ef-
fects due to plasma electron and ion microfields. Further-
more, since deuterium ions are the dominant type of perturb-
ing ion in the plasma core, ion dynamics effects were also
considered in the Stark line broadening calculation.14 For
completeness, natural and Doppler broadening were also
included.

The time-history of temperature and density spatial pro-
files computed by LILAC were postprocessed to obtain space-
integrated and either time-resolved or time-integrated spec-
tra. From these results the space and photon energy
integrated radiation power can be calculated. This result,
which is dominated by the argon emission in the core, is
shown in Fig. 3�a�. The power pulse has a FWHM charac-

teristic of �250 ps and peaks at t=4.62 ns, before maxi-
mum compression. Results are displayed including and not
including the attenuation effect of the high areal-density
compressed shell, i.e., the attenuation of the radiation emit-
ted by the core as it goes through the compressed shell. This
effect is very significant and it is due to bound-free �photo-
ionization� and free-free �inverse bremsstrahlung� absorption
transitions in the carbon/hydrogen shell plasma. We note that
the cross sections of both atomic processes approximately
scale with photon energy as �h��−3. As a reference, the time-
history of the target areal-density, which is dominated by the
contribution from the compressed shell, is also included in
the plot. Next, we consider the time-integrated spectrum
shown in Fig. 3�b�. Several line transitions of He-like and
H-like Ar ions are observed in the spectrum, namely, He�
1s2-1s2p at 3140 eV, Ly� 1s-2p at 3320 eV, He� 1s2-1s3p
at 3680 eV, He� 1s2-1s4p at 3875 eV, Ly� 1s-3p at 3935 eV,
and Ly� 1s-4p at 4150 eV. Weaker, and sometimes heavily
blended with parent lines, satellite line transitions arising
from autoionizing states in He-like and Li-like Ar ions are
also present in the spectrum. Again, we show results includ-
ing and not including the attenuation through the compressed
shell. We can see that the shell’s attenuation effect impacts
the spectrum in two ways: first, there is an overall reduction
in intensity level and second, the attenuation effect is more
pronounced at lower photon energies. The latter is consistent
with the photon energy dependence of the photoionization
and inverse bremsstrahlung cross sections and results in He�
and Ly� lines that are less intense than the He� and Ly�
lines. We emphasize the fact that this shell attenuation effect
is in addition to the radiation transport effect on these lines in
the core. We note that an attenuation effect due to a high
areal-density shell has been previously discussed, but only in
connection with continuum emission.15,16

In order to understand the formation of the time-
integrated spectrum, Fig. 4 displays time-resolved spectra for
six times during the implosion collapse. These are the same
six times for which the electron temperature and density spa-
tial profiles are shown in Fig. 2. Time t=4.62 ns corresponds
to the peak of radiation power emission and time t
=4.74 ns is just after peak compression. Changes in relative
intensity and broadening of the argon lines reflect changes in
spatially averaged temperature and density conditions in the
core. Early in time, the compressed shell attenuation effect is

FIG. 1. �a� Laser pulse shape. �b� Time-history of Lagrangian coordinates.

FIG. 2. �a� Core and shell electron temperature and �b� density spatial pro-
files at six times during the implosion collapse: t= 4.44, 4.50, 4.56, 4.62,
4.68, and 4.74 ns.

(a) (b)

FIG. 3. �a� Time-history of radiation power integrated in the photon energy
range from 3000 to 4400 eV, including and not including the attenuation
effect of the compressed shell and target areal-density. �b� Space-integrated
and time-integrated spectrum, including and not including the attenuation
effect of the compressed shell.
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small. But as time progresses and the high areal-density in
the compressed shell builds up, this effect becomes more
pronounced and significantly knocks down the intensity of
both �-lines relative to the �-lines. Late in time, the core
cools off, the temperature drops, and the tracer’s line emis-
sion is gradually lost.

III. CONCLUSIONS

We have used a detailed atomic and radiation physics
model to postprocess a 1D LILAC hydrodynamic simulation
characteristic of an argon-doped, warm-shell shock-ignition
implosion at OMEGA. The synthetic spectra in the photon
energy range of the argon K-shell emission have signatures
that can be employed to diagnose shock-ignition implosions

at OMEGA. The spectral features can be recorded in experi-
ments using either a time-integrating or streaked x-ray crys-
tal spectrometer. Core temperature and density conditions are
reflected in the intensity distribution of argon line emission.
However, the attenuation effect of the high areal-density
compressed shell is important and should be taken into ac-
count in the spectroscopic analysis. This effect shows up in
both time-integrated and time-resolved synthetic spectra.
Furthermore, it could be used to extract information about
the state of the compressed shell confining the core.
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