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Abstract 
In the positron source of the Stanford Linear Collider 

(SLC), the electron beam collides with a tungsten-rhenium 
target. As the beam passes into the material, thermal 
energy is created that heats the material to several hundred 
degrees centigrade on a time scale of nanoseconds. The 
heating of the material results in thermal stresses that may 
be large enough to cause material failure. The analyses 
calculate the thermal shock pressure and stress pulses as 
they move throughout the material due to the rapid energy 
deposition. Failure of the target occurred after three years 
of operation with an elevated power deposition toward the 
end of the three years. The calculations were made with 
the LLNL coupled heat transfer and dynamic solid 
mechanics analysis codes, TOPAZ3D and DYNA3D, and 
the thermal energy deposition was calculated with the 
SLAC Electron Gamma Shower (EGS) code simulating 
the electron-induced cascade.  Material fatigue strength, 
experimentally measured properties for the non-irradiated 
and irradiated material, as well as the calculated stress 
state are evaluated in assessing the cause for the target 
failure. 

1 INTRODUCTION 
The SLC positron target was operated for several years 

with gradually increasing electron beam power. Inspection 
of the target showed considerable damage on the backside 
of the target in the region where the beam exits the target 
[1, 2]. The damage observed consisted of approximately 
one millimeter of missing material and cracks propagating 
in various directions into the target. 

In an attempt to determine the cause of the material loss 
and cracks, a dynamic stress analysis was undertaken to 
model the pressure-induced stress waves in the material. 

2 BACKGROUND 
The SLC target consists of a hockey puck-shaped piece of 
Tungsten and 25% Rhenium (W25Re). Figure 1 shows the 
geometry of the target. The target consists of a 2.5-
inch diameter disc of W25Re with a six-radiation 
length thickness of 0.81 inches. The target is cooled by 
two cooling tubes, and they maintain the tungsten-rhenium 
target at a nominal 115 C. The individual spots on the 
target heat up an additional maximum amount of 
approximately 200 C and relax down to the 115 C 

temperature before another electron bunch impinges [3]. 
During operation the target is rotated in a way that the 
impinging beam pulses strike a different part of the target 
after every pulse. 
 

 
Figure 1: SLC target geometry. 

 

2.1 Electron beam energy deposition 
The electron beam of 4.0e+10 electrons/bunch at 

33 Gev impinging on the target deposits 5 kW of power 
into the target at a frequency of 120 hertz. The beam has a 
Gaussian radial distribution with a spot size of 0.8 mm. 
The SLAC EGS code was used to calculate the energy 
deposition profile in the target. The energy deposition [4] 
is very low as the beam enters the target and increases to a 
maximum as the beam exits the back of the target (see Fig. 
2). 

 

 
Figure 2: Beam centerline energy deposition, J/g, versus 

depth into target, cm. 
 

3 ANALYSES 
A dynamic three-dimensional finite element structural 

analysis was made for the target. The analysis involved 
modeling the beam energy deposition and determining the 
temperature rise from thermal heat capacity data. 

The thermal results are coupled into a dynamic 
structural analysis by using a thermal coefficient of 
expansion, which determines the material volume 
expansion. 
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From the volume expansion, the material stress 
conditions are calculated from the material stress versus 
strain properties. 

3.1 Thermal energy calculations 
The beam energy is deposited in the target in 

picoseconds and results in a temperature profile in the 
material over that time scale. The LLNL three 
dimensional finite element heat transfer code, TOPAZ3D 
[5], was used to calculate the temperature history in the 
target from input of energy over the beam impacted region 
of the target. From heat capacity data for the material, the 
temperature is then calculated. The calculated temperature 
profile in the target is shown in Figure 3. 

 

 
Figure 3: Temperature, C, profile in target. 

 
The timescales of this problem are such that the beam 

heats up the target material essentially instantaneously. 
Thermal stress wave effects are over after about 1.0e-05 
seconds and the material assumes a static stress state. The 
temperature profile of a spot requires about 1 second to 
relax down to initial temperature. 

3.2 Structural analyses calculations 
The dynamic structural modeling used the LLNL 

DYNA3D code [6] which requires a calculational mesh of 
sufficient detail to model the physics of the problem. The 
mesh shown in Figure 4, models a section of the target 
disc, including the silver surrounding the tungsten-
rhenium disc. 

The materials in the problem are modeled with a 
temperature dependent elastic-plastic material model. 
Properties specified include the elastic modulus, Poisson�s 
ratio, secant coefficient of thermal expansion, yield stress, 
and plastic modulus. For these analyses, the properties 
used are shown in Table 1. 

 
 

Figure 4: Maximum Von Mises stress, Pa, profile. 
 

Table 1: WRe structural material properties. 
Property 0.0 C 500 C 1000 C 
Modulus, Pa 4.3e+11 4.0e+11 3.95e+11 
Poisson ratio 0.28 0.28 0.28 
Thermal Exp.  
Coef.   1/C 

6.7e-6 7.1e-6 7.95e-6 

Yield, Pa 1.6e+9 1.3e+9 9.0e+8 
 
The structural response of the target is so fast, less than 

1.0e-5 seconds, that only the stress waves for one spot 
location needs to be analyzed. Before an adjacent spot is 
impinged upon, 1/120 seconds have elapsed and the shock 
pulses have dissipated. 

The rapid beam energy deposition results in stresses 
that are greatest at the target location where the beam 
shower exits the target. Von Mises stress is a good 
measure of the proximity to failure of a material with 
values below material yield stress indicating elastic 
behavior. Figure 4 shows the calculated maximum stress. 
A plot of Von Mises stress over time (see Fig. 5) shows 
how the stress varies on the backside of the target. 

 

 
Figure 5: Peak Von Mises stress, Pa, versus time, s, plot. 



 

3.3 Quasi-static stress calculations 
After the stress waves dissipate, a steady state 

temperature field exists in the material before diffusion 
appreciably affects the temperature. For this state, 
Figure 6 shows the peak Von Mises stresses in the target. 
The stresses are about one half those under dynamic 
conditions. 

 

 
Figure 6: Peak quasi-static Von Mises stress, Pa. 

 

4 CONCLUSIONS 
The analyses show that stresses do not exceed material 

yield stress. After many beam pulses, fatigue failure may 
occur. A general criteria of failure due to a Von Mises 

stress of 50% of tensile strength may apply to this target 
material. For a tensile strength of 1.1e+9 Pa (160 ksi) (at 
348 C), the calculated peak Von Mises stress of 5.7e+8 Pa 
(83 ksi) is at 52% of the tensile stress. 

Material cracks, once formed, may also contribute to 
part failure by raising temperatures and reducing yield 
stress. Radiation damage also may make the material more 
brittle and susceptible to failure. 
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