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(a) Schematic of a typical ICF experiment at NIF, where 192 beams heat the
interior of a gold hohlraum to TR∼300 eV in order to compress a 2 mm DT
capsule to the conditions required for fusion. (b) Representative hohlraum
emission spectrum observed by the Dante calorimeter showing thermal region
(blue) and gold m-band emission (red). Credit: Physical Review Letters (2024).
DOI: 10.1103/PhysRevLett.132.065104
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Five independent teams of researchers have reviewed the work and
claims made by a group at the National Ignition Facility (NIF) who 
announced in December 2022 that they had achieved the first laser-
powered fusion reaction that exceeded "scientific breakeven"—in which
more energy was produced by a manmade fusion reaction than
consumed by the reaction.

All five teams have confirmed their claims. Three of the teams
published their findings and conclusions in the journal Physical Review
Letters; the other two teams published papers in the journal Physical
Review E.

After many years of effort by multiple teams around the globe, the
teams have confirmed that it should be possible to use fusion as a power
source. The feat heralds a new era in nuclear fusion research—and
possibly power generation.

At its most basic level, nuclear fusion is simple—when light elements
are fused into heavier elements, a reaction results in the release of
energy. Such reactions account for the energy emitted by stars, including
the sun. Prior research has shown that recreating such reactions in a lab
setting requires a different environment than that found in stars—higher
temperatures are needed, which means using a lot of energy.

That has led to the goal of finding a way to generate fusion reactions that
produce more power than is needed to produce them. To achieve that
goal, the team at NIF fired lasers at a capsule containing two types of
heavy hydrogen. This resulted in the release of X-rays that inundated the
fuel, inciting the fusion process. In their groundbreaking experiment, the
team at NIF used 2.05 megajoules of energy to power the lasers, and
measured 3.15 megajoules of energy from the fusion reaction.

In their reviews, some of the teams conducting an analysis of the
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experiments note that while the team at NIF has achieved a monumental
breakthrough, there is still a lot of work to be done before fusion can be
used as a power source. Physicists need to scale up the technique, for
example, and the yield needs to be much greater to justify its use in a
commercial setting.

But they also found reasons for optimism—they found, for example, that
during the experiment, the material in the capsule was unexpectedly
reheated due to energy from the fusion reaction to energies higher than
that provided by the lasers.
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