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 The BUCKY 1-D simulation code was used to 
simulate the hydrodynamic compression and 
thermonuclear ignition of a DT filled capsule that mimics 
the specifications set forth by the Fusion Test Facility 
(FTF) working group. This paper focuses on two key 
aspects of the ongoing hydrodynamics simulation work 
being performed at the University of Wisconsin. 

The first set of simulations was performed to obtain a 
baseline result for comparison. This baseline utilized the 
High Average Power Laser (HAPL) target ion and X-ray 
threat spectra scaled down from 365 MJ to 29.75 MJ. The 
second set of simulations was a target simulation initiated 
from conditions that were expected to be found at the 
point of ignition of the FTF DT target. 

The results of these simulations allowed for the 
creation of time-dependent X-ray and ion threat spectra, 
which will be used in future chamber simulations in 
support of the FTF design effort to assess the thermal 
response of test modules located within the facility.  

 
I. Introduction 

 
The Fusion Test Facility (FTF) is a laser-driven 

inertial confinement fusion (ICF) facility which will 
subject experimental modules to the neutron threat 
spectrum comparable to that which will be found during 
operation of the High Average Power Laser (HAPL) ICF 
power reactor. The FTF consists of a 5 m reaction 
chamber in which test modules are placed at radial 
distances of 1 m and 2 m from the center. The FTF will 
ignite direct-drive DT targets at a rate of 5–10 Hz with a 
total yield of 29.75 MJ per target (Ref. 1). 

A fundamental question of interest to the project is 
whether or not the test modules can be made robust 
enough to withstand the ion, X-ray and neutron threat 
spectra generated by the FTF DT target. One proposed 
solution to enhance the survivability of the test modules is 
to coat the plasma-facing surface of the module with an 
armor material to mitigate the thermal loads generated by 
the impinging threat spectra. 

To assess the effect of adding an armor material to 
the plasma-facing side of the test modules, the BUCKY 1-
D radiation hydrodynamics code (Ref. 2) was used to 
estimate the transient heating on two candidate armor 
materials: tungsten and silicon carbide. Simulations were 

performed at the specified radii of 1 and 2 m from the 
center of the DT target for each material. 

 
II. Simulation Setup 

 
II.A. Chamber Parameters 

 
The FTF modules were simulated as xenon gas-filled 

chambers with radii of 1 m and 2 m to represent the inner 
and outer test modules, respectively. The thickness of 
both armor materials (tungsten and silicon carbide) was 
set to 1 cm.  The chamber was filled with a 66.7 mPa 
(0.5 mTorr) xenon buffer gas and the entire chamber (gas 
and armor) has an initial temperature of 600˚C. 

The equations of state for the xenon and armor 
materials in the gas and plasma states were modeled using 
one-temperature SESAME data (Ref. 3). YAC local 
thermodynamic equilibrium (LTE) X-ray opacity data 
were used for the xenon and armor materials (Ref. 4). 

Fig. 1 shows the temperature-dependent thermal 
conductivity of tungsten and silicon carbide. Fig. 2 shows 
the temperature-dependent specific heat of tungsten and 
silicon carbide. Dashed values are a linear extrapolation 
of the last available data point for each quantity. 

 
II.B. Scaled HAPL Direct-drive Threat Spectra 

 
The first set of simulations use the ion and X-ray 

threat spectra emanating from the 365 MJ palladium- and 

Fig. 1. Thermal conductivity of tungsten and silicon
carbide. 



gold-coated HAPL target. A LASNEX simulation 
performed at Lawrence Livermore National Laboratory 
(LLNL) was used to obtain the HAPL target spectra, 
which were reported as time-integrated values at 100 ns 
(Ref. 5).  

The HAPL ion and X-ray threat spectra were reduced 
to values appropriate to the FTF target by using a linear 
scaling factor of the ratio of the two target yields  

 
α = 365 / 29.75 ≈ 0.0815 . (1) 
 
The ions were launched at t = 0 s and the X-ray time 

dependence was built back into the simulation by scaling 
the spectra with a 170 ps full-width half-maximum 
(FWHM) Gaussian function from t = 0 s to t = 750 ps. 
The total yield of the scaled HAPL target is 29.75 MJ 
from the following yields: (1) a charged particle yield of  
6.99 MJ, (2) a neutron yield of  22.36 MJ, and (3) an X-
ray yield of  0.40 MJ. 

 
II.C. BUCKY Compressed FTF Target Threat Spectra 

 
The scaled HAPL target simulations are based on the 

assumption that the yields from the FTF direct-drive 
target scale linearly from the full-scale HAPL direct-drive 
target. This assumption may not be valid due to the 
differences in relative masses of the material layers — the 
plastic coating and palladium/gold overcoat being the 
materials of greatest relative difference. 

The FTF target radial build as injected into the FTF 
chamber is shown in Fig. 3, which will be referred to in 
this paper as the cold FTF target (Ref. 6). BUCKY was 
used to perform a simulation of the 365 MJ HAPL target 
up to the point of ignition. Temperature, density and zone 
velocity values for the HAPL target were used to 
construct the FTF target at the point just prior to 
thermonuclear ignition. Two additional criteria were used 
to ensure that the target would ignite and burn to the 
proper yield: (1) the center of the DT target would contain 
a hot spot with   ρR = 0.4 g/cm3 and (2) temperature of 

4.0 keV. Table I shows the numerical values for 
temperature and velocity (negative values denote zones 
moving toward the center of the target) used as initial 
conditions in the compressed FTF target and Fig. 4 shows 
the compressed FTF target radial build. It should be noted 
that there was no equation-of-state or X-ray opacity data 
available for the palladium and gold mixture, a layer of 
pure gold was used instead. The BUCKY simulation used 
a global temperature boundary of 1 eV and pressure 
boundary of 66.7 mPa (0.5 mTorr). All materials in the 
BUCKY simulation used SESAME equations of state and 
YAC LTE X-ray opacities. 

Fig. 2. Specific heat of tungsten and silicon carbide. 

Fig. 3. Cold FTF target radial build. 

 
III. BUCKY Simulation Results 
 
III.A. BUCKY Compressed FTF Target Yield 
 

The compressed FTF target BUCKY simulation 
produced a total yield of  28.0 MJ from the following 
yields: (1) a charged particle yield of 5.0 MJ, (2) a 
neutron yield of  20.1 MJ, and (3) an X-ray yield of 

TABLE I. Compressed FTF Target Initial Conditions 
Compressed FTF 
Target Region 

Initial 
Temperature 
(eV) 

Initial Zone 
Velocity 
(cm/s) 

DT “Hot Spot” 4000 –6.4×107 
DT 800 –6.4×107 
DT+CH 600 6.4×107 
CH 400 6.4×107 
Au 200 6.4×107 

 
 

 
Fig. 4. Compressed FTF target radial build. 



2.9 MJ. The FWHM of the X-ray pulse was 24 ps and the 
FWHM of the charged particle and neutron pulse was 
22 ps. Fig. 5 shows the combined charged particle and 
neutron yield and power, fig. 6 shows the X-ray yield and 
power during the simulation. The simulation was run to 
10 ns to ensure that the ablating gold zones did not exceed 
1 m from the center of the target. 
 
III.B. HAPL scaled-target and Compressed FTF 
target Spectra Comparison 

 
Fig. 7 shows the X-ray spectra for the scaled HAPL 

target and the FTF target. Fig. 8 shows the proton and 
deuteron spectra for the scaled HAPL target and the FTF 
target. Fig. 9 shows the tritium and helium-4 spectra for 
the scaled HAPL target and the FTF target. Fig. 10 shows 
the carbon and gold spectra for the scaled HAPL target 
and the FTF target.  

It was noted that the compressed FTF target produces 
ion threat spectra with a much narrower energy 
distribution and overall lower ion threat spectrum energy 
compared to the scaled HAPL ion threat spectra. This is 

believed to be due to the lower energy scales (driver and 
yield) of the FTF target compared to the full-scale HAPL 
target. The gold ions show much higher energies than that 
of the scaled HAPL target spectrum. This is believed to 
be due to a numerical artifact in the BUCKY code that 
over-accelerates the ions expanding into a vacuum or near 

Fig. 7. X-ray spectra from the scaled HAPL and 
compressed FTF targets. 
 

Fig. 8. Hydrogen and deuterium ion spectra from the 
scaled HAPL and compressed FTF targets. 
 

Fig. 9. Tritium and Helium spectra from the scaled HAPL 
and compressed FTF targets. 

Fig. 5. Fusion product (charged particles plus neutrons)
yield (right axis) and power (left axis) from the
compressed FTF target simulation. 

 

Fig. 6. X-ray yield (right axis) and power (left axis) from 
the compressed FTF target simulation. 



vacuum region. 
The results of the comparison indicate that there may 

not be a linear scaling relationship between the HAPL 
365 MJ direct-drive target and the FTF direct-drive target. 
Table II demonstrates this by comparing some 
fundamental target parameters per unit mass of the target. 
This is not a conclusive result, however. The BUCKY 
simulations used LTE X-ray opacities everywhere. This is 
believed to cause BUCKY to overestimate the X-ray yield 
from the gold region of the FTF target.  Future 
simulations will employ non-LTE X-ray opacity data for 
gold to more accurately reflect X-ray transport and 
heating through the gold plasma ablating from the target. 

 
III.C. Temperature Rise on the Plasma-facing Surface 
of the Test Modules 

 
The scaled HAPL target and FTF target ion and X-

ray threat spectra were used as source terms for the 
chamber simulations described in Section II.A. The 
temperature of the armor in a 100 nm layer at the plasma-

facing surface was recorded. All ions were launched at 
t = 0s and the X-ray spectra were temporally scaled by a 
Gaussian function with a FWHM of 170 ps for the scaled 
HAPL target and 24 ps for the compressed FTF target. 

Fig. 11 shows the surface temperature of the 1 m test 
module with tungsten armor. Fig. 12 shows the surface 
temperature of the 2 m test module with tungsten armor. 
Fig. 13 shows the surface temperature of the 1 m test 
module with silicon carbide armor. Fig 14 shows the 
surface temperature of the 2 m module with silicon 
carbide armor. It was noted that for both the scaled HAPL 
target and the FTF target ion and X-ray threat spectra, the 
1 m tungsten module melted under the X-ray deposition 
in the armor. The compressed FTF target simulation for 
the 1 m target shows that the surface of the module in fact 
reaches the vaporization temperature of the material, but 
the 100 nm armor layer does not ablate. Silicon carbide 
surface temperatures appear to be low enough to serve as 
adequate protection for the test modules at either 1 m or 

 
 

Fig. 11. Surface temperature of the tungsten armored 1 m 
test module for the scaled HAPL and compressed FTF X-
ray and ion threat spectra. 
 

Fig. 12. Surface temperature of the tungsten armored 2 m 
test module for the scaled HAPL and compressed FTF X-
ray and ion threat spectra.  

TABLE II. HAPL and FTF direct-drive target comparison 
Parameter HAPL 

365 MJ 
Target 

FTF 
29.75 MJ 
Target 

Target Total Mass (mg) 8.002 1.167 
Specific Driver Energy 
(MJ/mg) 

0.307 0.428 

Specific Target Gain (1/mg) 18.533 25.493 
Specific Charged Particle 
Yield (MJ/mg) 

10.979 4.287 

Specific Neutron Yield 
(MJ/mg) 

34.279 17.244 

Specific X-ray Yield (MJ/mg) 0.617 2.472 
Specific X-ray pulse FWHM 
(ps/mg) 

21.2 20.6 

Specific Total Yield (MJ/mg) 45.625 25.493 
 

 
Fig. 10. Carbon and gold ion spectra from the scaled 
HAPL and compressed FTF targets. 



2 m from the center of the reaction chamber. 
 
IV. CONCLUSIONS 

 
X-ray and ion threat spectra for the FTF direct-drive 

DT target were estimated using two methods: (1) a linear 
scaling of the spectra from the 365 MJ direct-drive HAPL 
target, and (2) using a BUCKY simulation of the 
proposed FTF target near the point of thermonuclear 
ignition. Results of the BUCKY simulations indicate that 
it may not be appropriate to linearly scale the HAPL 
target yield to serve as a surrogate for the FTF ion and X-
ray threat spectra. The BUCKY results are preliminary 
and improved modeling of the X-ray opacities in the gold 
region will need to be implemented to obtain more 
accurate threat spectra. 

The surface heating results from both sets of ion and 
X-ray spectra indicate that tungsten is not an appropriate 
armor material for the 1 m test module, but should 
provide sufficient thermal protection for the 2 m test 

module. Silicon carbide appears to provide adequate 
thermal protection for the test modules at both 1 m and 
2 m from the center of the reaction chamber. 

Fig. 13. Surface temperature of the silicon carbide 
armored 1 m test module for the scaled HAPL and 
compressed FTF X-ray and ion threat spectra. 
 

Fig. 14. Surface temperature of the silicon carbide 
armored 2 m test module for the scaled HAPL and 
compressed FTF X-ray and ion threat spectra. 
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