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On November 12, 2008, the largest laser ever built to date was turned on at the National 

Ignition Facility (NIF) at Lawrence Livermore National Laboratory in Livermore, California.1 

When the construction at NIF is completed in early 2009, it will be used to irradiate small pellets 

filled with deuterium and tritium gas. These rare forms of hydrogen will be heated to enormous 

temperatures by the laser, and will undergo the first ever controlled fusion reactions that emit a 

greater energy than was used to initiate them. Proponents of the NIF believe that it is a critical 

step in the search for a clean and plentiful energy source. Its critics, however, see the completion 

of this project as an effort by the Department of Defense to continue thermonuclear weapons 

development without violating test ban treaties.

At the heart of this controversy is the equal controversial legacy of Edward Teller. A 

gifted physicist, Teller was active in the Manhattan project, and was later one of the leaders in 

the creation of the Hydrogen bomb. Teller was also instrumental in the removal of 

Oppenheimer's security clearance. These actions earned ostracism from the scientific 

community. Teller, however, found a new home at Livermore and continued on as an important 

advocate of using advanced physics in weapons development.

Like the man whose physics is so instrumental to its success, the NIF maintains a 

controversial relationship to the defense community. For the majority of fusion research, the 

relationship to nuclear weapons can be problematic. Developing nations must satisfy a 

(justifiably) paranoid international community before pursuing nuclear power. Breeder reactors, 

which could be used to create cheap and plentiful nuclear fuel for energy, are scarcely developed 

because the reprocessed plutonium the create can also be used for weapons. By and large, when 

1 NIF Project Status – 2008, “November: Final Two IOMs Installed; Main Laser Bays Are Fully Operational,” 
https://lasers.llnl.gov/newsroom/project_status/, accessed in November 2008.
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energy research and security concerns come to a head, the risks of weapons proliferation are 

deemed to outweigh the benefits of nuclear power.

The historical development of the NIF partially bucks the trend of conflict between 

weapons and energy research. The field of inertial confinement fusion research, of which the NIF 

is but the most recent experiment, has by and large benefited from its relationship with the 

weapons community. As is characteristic of fusion research as a whole, inertial confinement 

research has been slow, and has had to contend with many unexpected difficulties. However, 

even at times when it was thought that inertial confinement fusion would never yield sufficient 

energy for a reactor, the United States continued to strongly support the field because of its 

importance in understanding nuclear weapons. The large number of scientists who were 

supported by this funding were then able to contribute new insights into the fusion process, 

which led to a reemergence of interest in harnessing inertial confinement fusion for electrical 

power. While at times there have been difficulties related to the classification of this line of 

research, its military applications have given it the sustained funding necessary to allow it to 

blossom into a promising energy source. Indeed, while inertial confinement was initially 

considered an underdog in fusion energy, it is now poised to beat its competitors to the first 

positive energy fusion reaction by five years at the very least.

Historiography

The literature has relatively little discussion of inertial confinement fusion. In almost all 

cases, it is mentioned in the broader context of fusion research, and is thus presented more as an 

afterthought to magnetically confined fusion than a topic in its own right.2 Those texts that do 

2 For example: Joan Lisa Bromberg, Fusion: Science, Politics, and the Invention of a New Energy Source 
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focus on laser fusion techniques do so primarily from a technical point of view, and are therefore 

only tangentially historical.3 By far the most complete historical discussion presented on the 

subject is given by Fowler, who was a Livermore fusion researcher during the emergence of the 

laser fusion approach.4 The literature is most likely limited by the degree of classification of laser 

fusion research, a subject whose history will be further discussed later. While historical, Fowler 

gives little discussion of the debates surrounding the defense applications of laser fusion, and 

tends to only indicate optimism with regards to its scientific feasibility and energy applications. 

Thus, a historical examination of the debate surrounding laser fusion, and in particular the NIF is 

new.

Initial Conception: 1950-1970

Nuclear fusion was originally pioneered by Edward Teller in the 1950's with the goal of 

creating more powerful nuclear weapons. Unlike the fission process that powered the United 

States' first weapons, fusion weapons harnessed the same sort of nuclear reactions used in stars. 

As a result, their size can be be increased indefinitely. While Oppenheimer famously argued that 

fission weapons were sufficiently destructive for all military applications, Teller harnessed the 

Cold War fervor to garner support for the study and perfection of fusion weapons.5

Around the same time as his pioneering work on the fusion bomb, Teller co-founded 

Lawrence Livermore National Laboratory which naturally pursued fusion studies. As it became 

clear that fusion was a technically feasible possibility, it was immediately realized that its power 

(Cambridge, Mass: MIT Press, 1982). or Robin Herman, Fusion: The Search for Endless Energy (New York: 
Cambridge University Press, 1990).

3 For example, C Yamanaka, Introduction to Laser Fusion (New York: Harwood Academic Publishers, 1991).
4 Kenneth T. Fowler, The Fusion Quest (Baltimore: The Johns Hopkins University Press, 1997).
5 Zuoyue Wang, In Sputnik's Shadow: The President's Science Advisory Committee and Cold War America (New 

Brunswick, NJ: Rutgers University Press, 2008), 27-30.
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might be harnessed as an energy source. By the late 1950s serious research was underway to 

develop controlled fusion reactions that could be used for power. These methods used extremely 

strong magnetic fields to confine the fuel, and heat it to the point where it undergoes a fusion 

reaction. Scientists at Livermore played an active role in this research.

However, it would not be long before a new method of fusion arrived on the scene. In 

1960, the same year that the laser was invented, John C Nuckolls realized that it could be used to 

ignite tiny fusion explosions, and thus create energy. A fusion scientist at Livermore himself, 

Nuckolls had previously conceived of using micro-explosions for energy production, but had no 

plausible way of triggering the explosion.6 As soon as he heard about the creation of the first 

laser, he no doubt realized that he had found an excellent candidate for an fuel driver. It should 

be no surprise that Teller was immediately intrigued with the laser, and with its applications in 

fusion science. He strongly supported the creation of a laser program at Livermore7, and soon an 

aggressive investigation into laser driven fusion was under way.

Like Teller himself, laser driven fusion had one leg in science, and the other in national 

defense. The process itself was initially conceived of as a series of miniature bombs. Teller's 

physics, which brought about the hydrogen bomb, would now govern a power source. This 

relationship would prove to be an important one in the development of laser driven fusion. The 

social and scientific merits of clean power intersected with the interests of national defense.

Early History: 1970-1980

However, for the time being, laser fusion would remain a distant goal. Laser technology 

6 Kenneth T. Fowler, The Fusion Quest (Baltimore: The Johns Hopkins University Press, 1997), 130.
7 Kenneth T. Fowler, The Fusion Quest (Baltimore: The Johns Hopkins University Press, 1997), 131.
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would needed time to develop, and even then it was not clear that lasers could ever be built with 

sufficient energy to achieve fusion. Fortunately for Nuckolls and other Livermore scientists 

interested in laser fusion, laser technology was aggressively developed, especially by Teller's 

Livermore. This was not for the sole goal of nuclear fusion, but because lasers have a host of 

other scientific and commercial applications. Indeed, this is one of the great advantages that laser 

fusion has enjoyed throughout its history. The laser technology needed to ignite pellets often has 

wide applications throughout science. Unlike magnetically confined fusion experiments that rely 

on extremely specialized reactor design, laser fusion experiments may rely on technology that is 

pushed forward through the efforts of a wide and diverse range of scientists. The greater amount 

of engineering specifically for fusion need only be done on the exact target geometry. Of course, 

as we will see later, the problem of target design in laser fusion is in no way a trivial one.

In the decade following its invention in 1960, the laser continued to undergo rapid 

development and improvement. In 1968, it was almost by coincidence that Keith Bruckner, a 

young physicist at The University of California San Diego, realized that it may be possible to 

generate fusion reactions with lasers that were currently available. Enthusiasm for laser fusion 

quickly spread throughout the scientific community, and especially to Nuckolls and Teller. 

Nuckolls would write a seminal article in Nature arguing for the scientific and economic 

viability of laser fusion with the technology of the day.8

The importance of laser fusion both as an energy source and a tool for better 

understanding nuclear weapons was immediately apparent. Keeve M. Siegel started a private 

venture in order to bring laser fusion to the market. At the same time, the Department of Energy 

8 John Nuckolls, Lowell Wood, Albert Thiessen, and George Zimmerman, “Laser Compression of Matter to 
Super-High Densitities: Thermonuclear (CTR) Applications,” Nature 239 (September 1972): 139.
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was motivated almost exclusively by defense concerns to build ever larger lasers in order to 

chase the dream of nuclear fusion.9 Construction of the Janus laser at Livermore began almost 

immediately, and was completed in 1974. In only a few years, the still larger Argus and Shiva 

lasers were built at Livermore. Each laser that was built both demonstrated the principles that 

would be needed for laser fusion, and allowed scientists to overcome the considerable technical 

difficulties associated with the process. Shiva, it was thought, would be the final proof of 

principle in laser fusion. 

The important milestones crossed with the construction of each new laser were 

scientifically commendable, but fell short of the true fusion proof of concept: ignition. When the 

high-energy driver laser irradiates the target, it compresses and heats it. As the target is heated, 

deuterium and tritium gas contained inside of it are ionized, and thus undergoes a transition into 

the plasma phase. The plasma, which behaves much like a charged fluid, is what is heated to 

sufficient temperatures so that it undergoes nuclear fusion. When ignition is achieved, the fusion 

reactions in the plasma give enough energy to continually heat it, and therefore drive more fusion 

reactions. If a plasma achieve ignition, the fusion reaction will continue indefinitely, until all fuel 

is spent. This is the condition that would be required for a viable fusion reactor. A burning 

plasma could in principle release more energy than was used to originally heat it. Since 1980 it 

has been the immediate goal of laser fusion researchers to achieve ignition. Results from the 

Shiva laser suggested that the next generation Livermore laser, to be named Nova, would be able 

to heat and compress fuel to the extreme conditions required for ignition.

9 William J Broad, “Vast Laser Plan Would Further Fusion and Keep Bomb Experts,” The New York Times, June 
21, 1994. AND William D. Metz, “Energy Project Loses Luster: Laser fusion, touted as a new energy source, has 
produced only fizzles; its military implications now predominate,” Science 212 no. 4494 (May 1981): 517-519.
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The technology required to achieve this feat is remarkable. In the span of only twenty 

years the laser progressed from its first demonstration to ten state of the art beam lines delivering 

over half a mega-joule of optical energy housed in a $600 million facility. The rapid 

development of laser technology was a remarkable achievement in and of itself, and served the 

cause of inertial confinement fusion well as it tried to catch up to magnetic confinement. This 

rapid development was made possible by the inherent modularity in laser driven fusion.10 Lasers 

have a broad range of applications throughout science. The technology was developed by a broad 

range of scientists, not just fusion researchers. This allowed for a rapid development of advanced 

technologies that could not be paralleled in the magneto-confinement method. Even when 

designing laser-drive systems, a certain amount of modularity is possible. Since facilities such as 

Nova need multiple beam lines to ensure even target compression, the first line may be bit as a 

demonstration of scientific concepts and evaluation of costs. Further beams may then be added 

after the construction process of a single beam is understood. This affords to incrementally 

develop even the most cutting edge systems, and allows the technology to develop extremely 

rapidly. 

The third modular aspect of inertial confinement fusion that allowed to to catch up to the 

older magnetic confinement program is a modular separation between driver and target. In 

magnetic confinement fusion, each new idea must be tested with a new reactor. However, in 

inertial confinement fusion, the drive beam may be developed separately from the fuel target. 

Thus, several different target sizes and geometries may be employed and investigated at great 

length. This was particularly important in the development of indirect drive fusion, where instead 

10 Kenneth T. Fowler, The Fusion Quest (Baltimore: The Johns Hopkins University Press, 1997), 160.
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of directly irradiating a deuterium-tritium capsule, a metal container known as a hohlraum is 

targeted. The geometry of hohlraum causes an especially uniform compression of the fuel, 

enhancing fusion output. For all of these reasons, it was thought that in the span of twenty years 

laser driven fusion had surpassed magnetically-confined techniques as the front-runner for fusion 

energy. When Nova was completed in 1984, it was expected to achieve ignition, and thus 

demonstrate energy break even using thermonuclear fusion.

The NOVA Disappointment: 1980-1990

However, as was so often the case with magnetically confined fusion, the results of Nova 

were disappointing. Nova did not demonstrate energy gain, or even break even. Instead it was 

plagued by a series of unexpected and seemingly insurmountable problems involving the 

uniform compression and heating of the pellet. While Nova was a failure in some respects, it at 

least allowed Livermore scientists to continue to study the fusion process at higher energies. 

These were dark times for laser fusion, and enthusiasm for the technique was quickly dropping. 

In reality, the only thing which sustained the research throughout this period was its defense 

applications.11 An energy source which failed to meet expectations after a 200 million  dollar 

investment would surely have been discarded. However, due to the similarity of inertial 

confinement fusion and hydrogen bomb, funding for the experiment continued out of the defense 

budget. 

Sustained by its defense applications, scientists continued to learn and study the fusion 

process. After several years of experimentation, the problems facing laser fusion were well-

11 William D. Metz, “Energy Project Loses Luster: Laser fusion, touted as a new energy source, has produced only 
fizzles; its military implications now predominate,” Science 212 no. 4494 (May 1981): 517-519.
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understood enough so that the data gleaned from the Nova were beginning to yield agreement 

with computational predictions.12 As this understanding grew, the laser community at Livermore 

once again became convinced that fusion was just around the corner. This time, John Lindl, a 

Livermore scientists, had preformed numerical calculations which indicated that an “ignition 

cliff” existed just outside of the energies accessible to Nova. The Fusion Policy Advisory 

Committee recommended funding for a Nova upgrade, which it was thought would allow the 

laser to probe this ignition cliff. It was recommended that work on the upgrade begin in 1994.

In the mean time, the laser fusion scientists at Livermore continued studying the fusion 

process using the Nova laser. While the laser would never be salvaged as a means of obtaining 

nuclear ignition, it continued to be a valuable testing ground that allowed physicists to 

understand the complex dynamics of the fusion process. Initially motivated as a defense interest, 

the level of sophistication employed by these scientists was also of immediate interest to the 

scientific community. Even as Germany and Japan were funding their own ambitious laser fusion 

projects, scientists in the United States were unable to bridge the gap with their European 

counterparts due to the restrictions of classification. Commenting on the situation, John Lindl 

said, “We could have saved them five years of work if we could have talked to them. It’s a clear 

case where classification has hindered international cooperation.”13 The situations that Livermore 

scientists found themselves in was more than merely inefficient. It was also responsible for a 

great deal of anxiety over receiving proper credit and recognition for their discoveries. 

Livermore scientists had to endure researchers from other countries reproducing their own 

results, then gaining recognition due to their ability to fully disclose their experiments.

12 Kenneth T. Fowler, The Fusion Quest (Baltimore: The Johns Hopkins University Press, 1997), 155.
13 Robin Herman, Fusion: The Search for Endless Energy (New York: Cambridge University Press, 1990): 178.
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To remedy the situation, in 1993 the Department of Energy resolved to declassify new 

portions of the fusion project. This marked a new phase for laser fusion, where the broader 

scientific community could become involved in the research. Once Livermore scientists had 

disclosed their results, it became clear that their defense-sponsored work had allowed them to 

reach new levels of precise understanding of the fusion process. The modes of failure of the 

Nova laser were not only understood, but could be systematically predicted with computer 

simulations.14 Publicizing the scientific successes of Nova allowed for new optimism within the 

scientific community regarding laser fusion. As Michael Campbell , who would later become the 

director of NIF, explained, “people expect that when they hear nothing, you’ve had difficulties 

and problems.”15 Once more results were available to the scientific community, it was clear that 

the next generation laser fusion experiment was credible from a technical standpoint.

It is interesting to reflect on the role that classified defense research had in all of this. 

From the point of view of both Livermore researchers and the external scientific community, the 

classification of laser fusion research was a hindrance that interfered with both the scientific 

process and international cooperation. However, before writing off the role of defense interests 

in this research as altogether detrimental, a comparison with the development of magnetic 

confinement fusion under reveals the unexpected benefits associated with defense funding. 

As a general trend, magnetic confinement fusion researchers were often forced to favor 

the pursuit of energy applications at the expense of physical understanding. The origin of this 

trade-off was pressure originating from Washington to reach higher and higher reactor 

14 Barbara Goss Levi, “Veil of Secrecy is Lifted From Parts of Livermore's Laser Fusion Program,” Physics Today 
47 (September 1994): 17.

15 Robin Herman, Fusion: The Search for Endless Energy (New York: Cambridge University Press, 1990): 176.



Higginbotham 12

milestones. Instead of taking time to understand the physical processes governing certain reactor 

designs, scientists needed to simply pursue whatever seemed to be working off of empirical 

grounds. The result, as a fusion researcher put it, was that plasma physics became “a display of 

ideas...only thinly draped with rough and insufficiently verified experimental data.”16 This trend 

has continued even in present day magnetically confined fusion research. A National Research 

Council assessment of fusion science in 2001 concluded that “fusion science has become 

disconnected from many of the advances and activities in modern applied mathematics. A 

number of areas in mathematics have seen dramatic advances over the past few 

decades...however, evidence shows that the interaction of plasma science practitioners with these 

advances is weak.”17 This should be contrasted with the case of inertial confinement fusion, 

where extensive research was necessary and encouraged because of its defense applications. Had 

laser fusion scientists been in a similar position to magnetic confinement scientists, it is quite 

likely that laser fusion would have faced much more serious challenges when it failed to reach 

the ignition milestone promised by Nova. However, instead of having to win the support of a 

sometimes fickle Congress, laser fusion researchers enjoyed the unwavering support of the 

defense community which needed a successful laser fusion system to better understand its 

weapons.

The National Ignition Facility

With the declassification of much of Livermore's laser fusion effort, the quality of the 

science behind laser fusion had raised the hopes of much of the scientific community. While 

16 Joan Lisa Bromberg, Fusion: Science, Politics, and the Invention of a New Energy Source (Cambridge, Mass: 
MIT Press, 1982): 255.

17 Fusion Science Assessment Committee, An Assessment of the Department of Energy's Office of Fusion Energy 

Sciences Program, (Washington DC: National Academy Press, 2001): 75.
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research continue on Nova, the initial plans for an upgrade turned into the construction of an 

entirely new facility in 1997. It was to be called the National Ignition Facility (NIF). From a 

technical and financial standpoint, it would seem that laser fusion had survived a potentially fatal 

failure in Nova, and was now being treated to a next generation upgrade. However, the actual 

construction of the NIF was to be plagued be serious management issues. The first of these 

problems occurred in 1999 when it was found that the construction was lagging behind goals and 

that the project management had not informed the Department of Energy Secretary of 

“impending cost overruns and delays.”18 Indeed, while the project was initially quoted to cost 

$1.2 billion and be finished in 2003, its current price tag is closer to $8 billion and it has still not 

been completed. Unfortunately for Livermore scientists, this was only the beginning of its 

management woes. Amid all of this, the director of the entire NIF project, Michael Campbell, 

revealed that he did not in fact have a PhD and resigned from his role in the project. This scandal 

in particular greatly hurt the image of NIF, but in fact it was something of an overstatement. John 

Nuckolls, whose seminal work was what began laser fusion research, also did not hold a PhD. In 

the end, it turned out that Campbell had completed his coursework for a PhD, but had never done 

any dissertation work. Nevertheless, Campbell was a talented and qualified scientist, whose work 

had appeared in many peer reviewed journals and won him numerous accolades.19 Also in 1999, 

the United States withdrew its funding for the International Thermonuclear Experimental 

Reactor (ITER). Thus, it seemed that after disappointment and scandal at NIF it would fall 

victim to related budget cuts.

18 David Malakoff, “DOE Slams Livermore for Hiding NIF Problems,” Science 285, no. 5434 (September 1999): 
1647.

19 “Top US Laser Expert Admits to Lack of a PhD and Resigns,” New York Times, August 31, 1999.
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Nevertheless, the laser fusion was once again sustained by its applications for defense 

rather than its promise as an energy source. Today, construction for the NIF continues on, and is 

scheduled to be completed next year. Many scientists are optimistic about the chances that 

ignition and energy gain will occur at NIF, but others are less so. Even today some critics such as 

Leo Mascheroni of Los Alamos National Laboratory believe that “the chance that [NIF] reaches 

ignition is zero. Not 1%. Those who say 5% are just being polite.”20 Even so, the scientific 

consensus seems to be that the chances of NIF achieving ignition are better than not. Far more 

scientists and laymen alike are more concerned over the potential defense applications of NIF 

than they are of its scientific feasibility. However, we have seen that the defense applications of 

NIF have more often than not served the interests both of general science and of its energy 

future. Without the interest and support of the defense community, regrettable though some may 

find it, there is little chance that NIF would be coming online within the next few months – if 

ever. As things stand currently, if NIF is successful it will be the first controlled nuclear reaction 

ever created by man, and is scheduled to beat the magnetically confined techniques to the punch 

by five years at the very least.

The founding director of Livermore, Teller has left us with a suitably controversial 

legacy. Like himself, laser confinement fusion has found a home in the tense relationship 

between science and national defense. This relationship has caused a great deal of controversy, 

but a historical examination of the role of the defense community in laser fusion research has 

shown that it has often times been critical in the development of the technology. Conversely, the 

defense applications of laser fusion have benefited immensely from the technology's overall 

20 Charles Seife, “Will NIF Live Up to Its Name?,” Science 289, no. 5482 (August 2000): 1128.
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scientific applications. On the whole, the technology itself has flourished in the intersection of 

science and defense, though many of its critics are less comfortable with this intersection that 

Teller himself was. In the next few years we will find the fate of NIF, which many hope some 

hope will complete Livermore's transformation from a defense lab to a facility that concentrates 

on clean energy research. 
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