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Target Input Requirements for Heavy Ion Fusion 
R.O. Bangerter 

ABSTRACT 

This paper summarizes the requirements a heavy ion accelertor must 
meet in order to initiate practical thermonuclear microexplosions. 
Particular emphasis is given to the question of maximum allowable ion 
energy. 

Research performed under the auspices of the United States Department of 
Energy under contract No. W-7405-Eng-48. 
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Although fusion target design was not an official part of the 

workshop, there were a sufficient number of questions on this topic to 
justify writing a brief note for the workshop proceedings. 

Just as there are many possible accelerator designs, there are also 
many possible fusion target designs- Some of these target designs have 
not fully been evaluated. Furthermore we expect that improved targets 
will continue to be developed. Consequently a number of iterations 
involving close communication between target designers, accelerator 
designers and reactor designers will be required to arrive at an 
optimized target - accelerator-reactor system. 

The target requirements which we have provided are b'sed on our best 
designs so far, on rather universal target design considerations, and on 
our projections of future improvements in target performance. 

At the beginning of this workshop we decided to focus our efforts on 
two sets of target requirements. These are given in Table I. The 
reactor target corresponds to the moderate confidence level target 
described in Table 1-1 of the 1976 Summer Study Report.1 Progress 
during the last year has increased our confidence in this case. We are 
reasonably confident that the heavy ion demonstration experiment (HIDE) 
target parameters can produce scientific breakeven. 

T t e S p e 4 , c e „ e r g y « . , « tes ^ . source * s»e co„ f Us,on „ , 
since it sets an upper limit on the range (particle energy) of the 
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incident ions it has a large impact on accelerator design. Consequently 
I have written a small program to calculate the range-energy curves shown 
in Fig. 1. The curves are for various ions incident on lead at a density 
of 2 g/cm3 and a temperature of 200 eV. These conditions are 

typical of densities and temperatures in the beam deposition region of 
a fusion target. In any case the curves are only weakly dependent on 
density and temperature. For example the calculated range of a 30 GeV 
uranium ion is 1.12 g/cm^ in lead at a density of 11.3 g/cm3 and room 
temperature and 0.95 g/cnr at a density of 2.0 g/cm3 and a 
temperature of 200 eV. The calculations include the effects of both 
bound and free electrons and are similar to the calculations presented by 
Mosher in Appendix Al-2 of reference 1. 

The new curves differ somewhat from those given in Fig. 1-1 of 
reference 1. Using again 30 GeV uranium as an example, the new curves 
give a range that is about 1.5 times as large as the old curves. I 
consider the new curves more reliable; however, to my knowledge ranges of 
intense, energetic ion beams in hot, dense material have never been 
measured. It does seem most unlikely that the calculated ranges are in 
error by more than a factor of two, but additional theoretical work is 
underway to improve the accuracy of the calculations. It is also possible 
that some relevant experiments can be performed at existing heavy ion 
accelerators. 
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With the above qualifications in mind, I have used the curves of Fig. 

1 to produce curves of upper limits on ion energy as a function of atomic 
weight. The specific energy is given by e = E/m = E/2 ar^R where r is 
the focal spot radius and R is the range in g/cn£ [or other units cf 
area! density). The factor of 2 in the denominator results from the fact 
that at least 2 beams are required for adequate implosion symmetry. For 
targets having an input energy/vl MJ the minimum reasonable focal spot 
radius is n/1 mm although for smaller 100 kJ targets 0.5 mm may be 
allowable. Using these facts and assuming a minimum specific energy of 
20 MJ/g we obtain the curves shown in Fig. 2. 

It should be emphasized that these curves do not represent a sharp 
upper limit in the sense that any ion energy above the curve will not 
work at all and all ion energies below the curve are equally effective. 
In terms of specific energy we expect target gain to increase rapidly as 
the specific energy is increased from /^10 MJ/g to <^30 MJ/g. It is 
probably also true that for a given specific energy there is somt. 
advantage in going to a larger focal spot size and shorter range; or, in 
terms of accelerator parameters, there is some advantage in low 
ion-energy, high emittance beams. However, it seems unlikely that ranges 
less than/v>0.03 g/cm^ 0 r focal spot sizes larger than^l cm are useful 
for targets in the 1 to 70 MJ input range. 
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We also note that ions have shorter ranges by nearly a factor of 2 

(in g/cm2) in low Z materials than in high Z materials. It may be 
possible to take advantage of this fact to increase the upper limits on 
ion energy, but in so doing we decrease the flexibility in target 
design. For this reason I have excluded upper limits based on low Z 
range-energy relations from Fig. 2. In so doing, I am placing the 35 GeV 
synchrotron case studied at the workshop above the upper limit. However 
an increase in total energy from 1 to 1.3 M<3 (for a uranium beam) would 
bring 35 GeV back within limits. 

There have also been some questions about pulse shape. Different 
target designs require different pulse shapes. The typical pulse shape 
taken from reference 1 is reproduced in Fig. 3. A research accelerator 
should have the capability of producing variations of this pulse shape 
and also simpler shapes such as a relatively square pulse. Sufficient 
flexibility in pulse shaping would be provided by a capability of 
approximating this shape via a series of 2 5 shorter pulses. 

Finally it should be noted that the fall time or shape of the pulse 
after the power has reached its peak value for a time At is not 
important. Energy arriving after this time is simply wasted. Our design 
efforts are currc.itly oriented toward taking advantage of energy that is 
delivered over a time greater than the At shown in Table I. 

http://currc.it
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Reference: , 

1 . ERDA Summer Study of Heavy Ions fo r I n e r t i a ! Fusion, LBL-5543, December 

1976. 



Table I 

TARGET 
• -

E, MJ A t , ns P, TV) 6, MJ/g 

• • . . . - • " " " 

Moderate Confidence 
Reactor Target 

1. 6 100 > 20 

HIDE Target 0.1 1.2 50 s 2 0 

E is the total beam energy, At is the pulse length at peak power, P is peak power, 
e is specific energy (energy/mass) deposited in the target. 



Figure Captions. 

Figure 1: 

Figure Z: 

Figure 3: 

Range as ft function <.•<" w.^? for various 
particles incident on lead at a density of 2 
g/cm and a temperature of 200 eV. 
Upper limit on beam energy as a function of 
atomic weight assuming a specific energy of 
20 MJ/g. Curve A is for an input energy of 1 MJ 
and a beam radius of 1 mm. Curve B is for 100 
kJ and 0.5 m and curve C is for 100 kJ and 1 mm. 
Typical pulse shape for an ion beam fusion 
target. 
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