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ARTICLE RADIATION DRIVEN TARGET WITH TWO SIDED ILLUMINATION

FIG. 2. Capsule structure.

FIG. 3. Capsule implosion trajectory.

FIG. 4. Radiation temperature profile required for
capsule implosion.

radius of 0.234 cm. The capsule implosion trajectory
calculated using the radiation hydrodynamics code
HYADES [15] is shown in Fig. 3. The radiation tem-
perature Tr inside the hohlraum required to drive this
capsule is shown in Fig. 4. See Ref. [6] for details
concerning this capsule design.

The hohlraum and the converter casing are made
of gold and gadolinium alloy with a density of
9.5 g/cm3 and a mixing ratio of 0.5 to 0.5 by number
density. This alloy has an albedo about 15% higher
than that of lead [12, 13]. At the corners where the
converters are connected to the hohlraum and on the
surface of the shine shields that are facing the con-
verter openings, there are coatings of lithium hydride
with thicknesses of 1.5 × 10−3 and 2 × 10−3 cm,
respectively. The purpose of this low-Z material is
to slow down the early time hydrodynamic expan-
sion and to prevent late time closure caused by the
collision of high-Z material from the shine shield and
the hohlraum wall. The rings at about 45◦ are used
to reduce the P4 asymmetry.

The beam stopping material inside the converter
is beryllium with a density of 1 g/cm3, seeded with a
small amount of lead (the ratio of the number density
of beryllium to that of lead is 5 × 10−3). The thick-
ness of the converter casing is 0.0225 cm. The outer
and inner layers of this casing are made of gold and
gadolinium alloys with densities of 9.5 and 1 g/cm3,
respectively. The inner layer of the alloy has a
thickness of 0.01 cm. A converter casing with a
decreasing density towards the inside can provide the
minimum motion at the interface between the beam
stopping material and the converter casing. (Other-
wise the wall of the casing has a tendency to pinch
towards the centres, and the beam path will then be
blocked.) The inner radius of the casing is 0.225 cm,
but the radial location of the outermost ion beam is
at 0.2 cm from the axis. This gap between the inner
radius of the casing and the outermost beam is to
ensure that the beam is not going to hit the casing.

The end shield has a thickness of 0.016 cm and is
made of gold and gadolinium alloy with a density of
0.75 g/cm3. The cone to the right of the end shield is
used to confine the radial expansion of the end shield
as it is being pushed to the right by the hot beam
stopping material. If the radial expansion of the end
shield is not tamped, the expansion of the shield will
be 2-D, and the column thickness of the shield will
decrease as the radius of the shield increases. Conse-
quently, more radiation will leak away from the con-
verter through the shield. The cone has an angle α
(about 14◦) to provide clearance along the path for
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METHOD FOR OBTAINING UPPER LIMIT FOR GAIN IN HEAVY ION FUSION 
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FIG. 1. Radiation converter conjgurations: (a) planar view, (b) 3-0 
cut-away view, (c) planar view of an alternative converter conjgura- 
tion for higher energy ion beams. 

2. RADIATION CONVERTER CONFIGURATIONS 
AND THE SELECTION OF 

RADIATING MATERIAL 

2.1. Radiation converter configurations 

The configurations of the converter under considera- 
tion are shown in Fig. 1. Figures l(a) and l(b) show 
planar and 3-D cut-away views of the converter. 
Figure l(c) shows an alternative converter configuration 
to the one shown in Fig. l(a), suitable for ions of higher 
energies. 

In Fig. l(a), the radiating material is contained inside 
a cylindrical casing which has length I and radius r, and 
is made of high 2 material, for example, lead. The high 
2 front shield reduces the expansion of the radiating 
material arising from hydrodynamic motion. The shield 
also stops ions which have been slowed to the electron 
thermal velocity. The high 2 end shield prevents hydro- 
dynamic expansion and reduces radiation flow into the 
vacuum from the radiating material. The ring behind the 
end shield confines the hydrodynamic expansion of the 
end shield, as it is heated by the incoming beam, to one 
dimension. If the expansion is two dimensional, then the 
effective optical depth across the end shield decreases as 
the end shield expands. A decrease in optical depth in- 
creases the radiation flow from the converter into the 
vacuum. The choice between the configurations shown in 
Figs l(a) and l(c) depends on the incoming beam energy, 
as discussed in Section 4. 

2.2. Selection of radiating material 

To convert ion kinetic energy into radiation at high 
efficiency, the total internal energy of the converting 
material should be minimized, and the Planck mean free 
path, bP, should be roughly equal to the dimension of the 
converter. We select a converting material that has high 
ion-stopping power to minimize the total amount of ion- 
stopping material, and hence its total internal energy. 

Low 2 material, in general, has higher ion-stopping 
power than high 2 material at a given temperature. This 
is because the rate of energy loss of an ion traversing hot 
material can be expressed as [ lo ,  111 

Here E is the energy of the beam ions, r is the product 
of the density p of the material and the distance s travelled 
by the ion in the stopping material, e is the electronic unit 
of charge, mp is the proton mass, me is the electron mass, 
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•  Material motion  
changed radiation 
symmetry during 
pulse 

•  Long converter kept 
material out of 
hohlraum but 
increased converter 
wall and transport 
losses 

•  Gain 80 -> gain 20 
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FIG. 1. The heavy ion hohlraum configuration for the 2-D LASNEX
simulation.

distance between the shine shield and the converter
opening to prevent closure in the final stages caused
by the expansion of the high-Z wall material. If the
radii of the openings are too small, it will be difficult
for the radiation energy to escape. Consequently, the
temperature of the converter casing will increase and
the conversion efficiency will decrease. If the shine
shields are placed too close to the capsule, there will
be cold spots at the poles of the capsule. Furthermore,
as the shine shields are being heated by radiation and
expand, there will be hydrodynamic coupling between
the expanded shine shield and the capsule. This cou-
pling will affect the implosion symmetry. If the gap
between the hohlraum wall and the shields is not wide
enough, the shine shield and the hohlraum wall will
collide in the final stages and the gap will be sealed.
These constraints set a lower limit on the hohlraum
dimension for a given size capsule, and, consequently,
the hohlraum dimension presented here is larger than
that of the previous designs [1, 6], which was based
primarily on the viewfactor code [9–11].

The considerations mentioned above result in a
maximum target gain of only about 20, which is sub-
stantially lower than the gain of 80 that was previ-
ously thought possible [1, 6]. This realistic target gain
is too low to make HIF an attractive route to commer-
cial energy production [14]. Therefore, an alternative
hohlraum configuration that would give higher gain
should be sought.

Section 2 describes the target configuration and
the zoning scheme for the 2-D LASNEX simulations.

Section 3 presents the simulation results and
Section 4 presents our conclusions.

2. TARGET CONFIGURATION AND ZONING
SCHEME FOR 2-D LASNEX SIMULATION

2.1. Target configuration

We first used the viewfactor code to obtain
a hohlraum configuration that could provide the
required illumination symmetry on the capsule. We
then fine tuned this configuration using 2-D LAS-
NEX simulations that include hydro-motions. The
fine tuned configuration is shown in Fig. 1. The illu-
mination symmetry on the capsule from the LAS-
NEX simulation is considerably different from that
obtained from the viewfactor code calculations. One
major difference is that the illumination symmetry
obtained from the viewfactor code for the hohlraum
geometry described here usually reduces to a value
close to zero after 20 ns. On the other hand, there
is no reduction in illumination symmetry obtained
from the 2-D simulations, as shown later in this sec-
tion. This is because the viewfactor calculations do
not model the leakage of the hot material from the
converter into the hohlraum. Thus, the illumination
asymmetries obtained from the viewfactor calcula-
tions underestimate the actual value for the examples
discussed here.

The capsule structure is shown in Fig. 2. The
capsule has a beryllium ablator that has an outer
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FIG. 9. Plots of the average ionization Z contours at (a) 0 ns, (b) 15 ns, (c) 25 ns and (d) 33 ns. The values of the

contours are: A, 1; B, 2; C, 3; D, 4; E, 8; F, 10; G, 15; H, 30; I, 35.

3. SIMULATION RESULTS

To provide the Tr profile inside the hohlraum

shown in Fig. 4, the ion beam energy profile shown in

Fig. 6 by the solid curve is required (the curve shown

in this figure and all the energetic curves shown here-

after are for the heating or the energy loss from only

one of the converters). The dashed curve in this fig-

ure is the radiation energy loss through the end shield

that corresponds to about 28% of the incoming beam

energy. The ion beam energy profile gives the Tr pro-

file inside the hohlraum (measured at 0.4 cm from the

centre of the hohlraum), which is shown by the solid

curve in Fig. 7. In this figure, the dashed curve is

the Tr profile shown in Fig. 4. Comparing these two

profiles reveals that the Tr profile shown here from

the 2-D calculation is rather close to the ideal shape

shown in Fig. 4. The total ion beam energy required

to heat the target is therefore 22 MJ (twice the max-

imum energy given by the solid curve in Fig. 6), and

the target gain is 19.5 (ideal capsule yield of 430 MJ

divided by the input ion beam energy of 22 MJ). The

main reason for this low gain is that as the beam

stopping material is being heated, it expands and

stretches the length of the converters by pushing the

end shield away from the target. This increases the

converter wall area and also makes it more difficult

for the radiation to escape into the hohlraum from

the converters.

The increase in the length of the converters and the

substantial hohlraum wall motion are evident from

the target configurations, as represented by mesh

plots, shown in Figs 8(a), (b) and (c) for 15, 25 and

33 ns, respectively. The rays in these figures are the
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beam shape. Targets suitable for other beam geometries re-
ducing the 25% loss in the central region are discussed be-
low.

The hohlraum case material was chosen to be a 50–50
alloy of gold and gadolinium. The Gd has high opacity in
photon energy bands where gold has low opacity. This alloy
has been shown10 to have 50% higher opacity than pure Au
and to reduce radiative wall losses by about 15%.

The internal void required for good radiation transport
does not pressure balance the converter material. The amount
of this material in the beam path first decreases as the mate-
rial expands into the interior void, then increases as ablated
capsule material pushes the material back into the beam path.
We chose low-density gold in the equatorial plane because
its low sound speed would minimize this effect. An accept-
able alternate is a low density CH2 foam seeded with a
high-Z material. By adjusting relative densities, composi-
tions, or interface shapes, we have some control of this con-
verter density as a function of time.

The thin mid-Z layers lining the end disks serve two
purposes. They tamp the motion of high-Z material, keeping
it from occluding the converter regions. Mid-Z materials
were chosen because they lose much of their opacity as they
heat past 200 eV. Hence, as the range shortens in the high-Z
case, the material between the ion-heated region and the cap-
sule becomes more transparent.

Figure 7 from an earlier design shows that we can tune
the P2 asymmetry by changing r2 and hence the relative
importance of emission over the ball to emission from the
ends of the hohlraum. The large change in symmetry at 30
nsec is due to range shortening as the hohlraum temperature
increases from the foot temperature to the peak. As shown in
Fig. 8, which shows this temperature together with the ion
power, the temperature rises quickly. We compensate for this
by increasing the ion beam particle energy to 3.5 or 4 GeV
near 30 nsec. Technologically, this can be accomplished by
utilizing multiple beamlines operating at different particle
energies. An energy-changing strategy similar to this was
proposed by G. O. Allshouse11 for radiation-driven light ion
target designs and by G. R. Magelssen12 for directly driven
heavy ion targets.

The P4 asymmetry can be varied by changing the ratio
of the hohlraum length to diameter. Increasing the length of
hohlraum while decreasing its radius will increase the posi-
tive P4 contribution and cancel the negative P4 contribution
coming from large radius and large axial position. Figure 9
shows that at 31 nsec the regions of ion power deposition
density are near the zeroes of P4 . The peak deposition oc-
curs in the beam block where it is not visible to the capsule.
The source near the endplate is offset to compensate the cold
spot near the beam block.

Another strategy, not used in this point design but suc-
cessful in an alternate integrated calculation, deposits a 0.25
�m thick iron coating on the part of the capsule receiving
excess flux at early times. The effect of this layer vanishes as
it ablates and moves a capsule diameter. However, during
this period the capsule implodes and afterwards radiation
transport smoothing4 reduces the effect of the P4 asymmetry.
If the addition of this shim layer affects the hydrodynamic
stability of the capsule, a similar symmetry effect may be
achieved by moving this layer a few hundred micrometers
off the capsule surface. Schemes like this which may reduce

FIG. 7. Second Legendre coefficients of the incident fluence measured near
a sphere of radius 0.255 cm for three hohlraums which differ only in the
radius, r2 , dividing the thin endwall from the moderate endwall.

FIG. 8. Average radiation temperature measured at a spherical radius of 3.4
mm together with incident beam power as functions of time.

FIG. 9. Ion power deposition density �a.u.� together with positions of the
zeroes of the second and fourth Legendre polynomials. Intensities outside
the extrema of the colormap are set to those extreme values.
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§  The modified target could use Gaussian beams 
and obtained symmetry by aiming beams at the 
proper positions in the hohlraum(like laser 
targets) 









Lawrence Livermore National Laboratory LLNL-PRES-xxxxxx 
18 

§  Developed hybrid target that accepted bigger 
spots 





A scaled version accepted 1.9 MJ and produced gain 90 
 

A scaled version of this target produced gain 90 from 1.8 MJ of 
ion beam 
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§  A point calculation ignited with a 50 GeV Pb 
beam, with 50kJ, in 50 ps , into 60 micron 
FWHM 

§  Focusing and pulse length requirements were 
stressing so D. Callahan looked at energy 
requirements of more relaxed irradiations 

Identifying Marker. 3
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