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assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
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United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
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Revised 

Heavy Ion Inertial Fusion 
Energy Security for America's Future 

Inertial Fusion Energy: The Dream and the Reality 
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What you see in this picture is the dream of many scientists and engineers worldwide: a power plant that 
turns the hydrogen isotopes deuterium and tritium into affordable electricity with minimal environmental 
consequences . In this plant, beams of heavy ions deposit so much power into a target so quickly that it 
achieves fusion . This means that the deuterium and tritium atoms are heated so much in a confined space 
that they are stripped of their electrons and slammed together so hard that they stick, forming helium. This 
reaction has the potential to give off more energy, mostly in the form of fast-moving neutrons , than was 
needed to make it happen. The energy can be captured to raise steam in a power plant. The fuels , 
deuterium and tritium, are readily available. Ordinary water contains deuterium. The tritium is produced 
when the neutrons strike lithium, a common element contained in the oceans and other waters . In a sense, 
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we plan to bum water. The deuterium in a gallon of water can produce as much energy as hundreds of 
gallons of petroleum. Here at Lawrence Berkeley National Laboratory, we are now taking the intermediate ~ 
steps toward making this dream a reality. We are performing a series of experiments that will examine 
most of the technical and scientific issues that we' ll need to understand in order to build a full-scale 
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driver-the accelerator that creates these powerful beams. California is the fusion state. Most UC 
campuses perform fusion research. At the Berkeley Laboratory, we have the largest research program in 
the U.S. aimed at making inertial fusion an economical, environmentally attractive source of energy. The 
Livermore Laboratory has the largest inertial fusion program in the world aimed primarily at the defense 
applications of inertial fusion . General Atomics, near San Diego, has a large fusion research program. The 
principal research center for the international fusion program is also located near San Diego . In round 
numbers fusion research is a two-hundred-million-dollar-per-year California industry. 

Why Fusion Energy? 
With oil prices at historic lows and embargoes just a fading memory, we tend to forget that the security of 
our energy supply is fragile and temporary. But most of the large, easily exploitable fossil-fuel reserves 
appear to have been discovered. We have made some advances in energy efficiency and conservation 
awareness (though these tend to lose ground when energy is cheap), and concern has increased over global 
warming and other environmental issues. Nonetheless , increases in world population and the 
industrialization of the developing countries are inexorably driving the growth of energy demand 
worldwide . This illustration (adapted from a Lawrence Livermore National Laboratory projection) shows 
how global energy demand could soon outstrip the known energy sources. Its underlying assumptions are 
that the world's population stabilizes at 10 billion and that each person consumes energy at two-thirds the 
1985 U.S. rate. Greater population or per-capita energy use could make the situation worse. 
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In this model , the shortfall will begin about when today 's children are in midlife. How to make up the 
shortfall is problematical . Fission energy has grim prospects in the U.S. , as well as some obvious 
drawbacks . Ecological concerns will limit the development of new hydroelectric resources . The result: 
energy production is expected to peak in the middle of the next century and dwindle sharply thereafter, 
carried along by coal , synthetic fuels , and other known technologies at a level comparable to pres.ent-day 
production ... while demand continues to increase. Clearly this is a no-win situation unless mankind 
changes the rules by developing a new energy source that does not have a fundamental limit driven by 
natural resources. Fusion energy is a clean, almost limitless possibility . That's why we and others across 
the U.S. and worldwide are working on inertial fusion energy. 



How Does Inertial Fusion Energy Work? 
Inertial fusion energy begins not with a plasma, as in magnetic fusion , but with a spherical target of 
deuterium-tritium fuel. The target, which might be about the size of a pea, is hit with beams of laser light 
or energetic particles . This energy bombardment heats and compresses the target enough to induce fusion. 
Within the target, energy is transported radiatively , which is faster than mechanical energy transfer, and the 
individual fusion reactions occur very quickly. Therefore the target is consumed before mechanical forces 
can make the reactants fly apart , which would cause the little explosion to fizzle . ("A body at rest tends to 
remain at rest" ; hence the term "inertial.") Drop the target, close the reaction chamber, shoot: the process 
would be repeated several times per second in a power plant. 

For engineering and economic feasibility , drivers must be both reliable and efficient. They must also have 
a high pulse repetition rate (several pulses per second) and long life (about 30 years). Lasers are excellent 
for near-term research, but they have been designed for a low repetition rate (typically a few shots per day). 
Heavy-ion accelerators promise a reliable, efficient solution, able to supply tens of thousands of amperes of 
heavy ions at energies of several billion electron-volts . As a result, recent reviews by the Fusion Policy 
Advisory Committee, the National Academy of Sciences, and the Fusion Energy Advisory Committee have 
recommended an expanded program in heavy-ion accelerators for fusion energy . 

How Does the Berkeley Lab Fit Into the Picture? 
We are exploring one particular kind of inertial-confinement fusion energy, in which the reaction is driven 
by beams of heavy ions that are produced by induction linear accelerators. Meanwhile, other concepts for a 
driver, such as the recirculating induction accelerator and rf accelerators , are being investigated by our 
colleagues elsewhere. To us (and to the blue-ribbon review panels mentioned earlier) this approach seems 
to have two key strengths . Both the basic principle and the driver technology are likely to work at power
plant scale. (Accelerators take advantage of decades of physics, technology, and operations experience 
gained from their pure-science role .) And the technology appears cost-effective, so heavy-ion IFE would 
make economic sense. Our program concentrates on the driver-the part that produces, accelerates, and 
handles the beams. 

Many years of hard work will be needed in order to realize the dream of an IFE power plant in the projected 
2030 time frame. The experiments now being conducted are essential to demonstrate its feasibility and 
economics. Our experiments will address the issues of controlling, directing, and focusing full-scale 
beams. Some accelerator components that we have been designing and testing are shown below: a 
prototype induction accelerator module (left) , a four-beam electrostatic quadrupole to focus the beams 
(middle), and a single-beam magnetic quadrupole (right). The aperture in the middle of the accelerator 
module gives a sense of how big the other components are. On the basis of our research, we are now 
poised to begin construction of a larger research facility that will address the remaining scientific issues 
associated with a full-scale accelerator. We plan to ask the Department of Energy to fund the construction 
of this facility . 
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