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At the Lawrence Livermore Laboratory in 
California, laser-based fusion research takes 
place at the National Ignition Facility (NIF). In 

August 2021 scientists at the NIF announced that they 
had achieved of yield of more than 1.3 megajoules (MJ) 
from an experiment in nuclear fusion — 25 times larger 
than their 2018 record. This was hailed as a huge step 
forward in the goal of achieving ignition — a reaction 
in which the energy produced in the target by fusion 
is greater than the energy losses, so that the fusion is 
self-sustaining.

Advantages of fusion
Nuclear fusion, in which two nuclei fuse together to 
create a more massive nucleus, offers an attractive 
alternative to using nuclear fission reactors. Advantages 
include the following: 
• Fusion does not produce so much radioactive waste 

with a long half-life.
• The hydrogen fuel is plentiful, unlike uranium.
• There is no danger of a chain reaction running out 

of control. 
The most stable nucleus is iron-56. When nuclei 

with a lower mass number are fused together they give 
a more stable nucleus with a higher mass number, and 
release energy in the process. This mirrors the fission 
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The quest 
for nuclear 
fusion
Carol Tear looks at recent progress 
towards the goal of using nuclear fusion 
as an energy resource

Colourised image of a deuterium–tritium 
reaction at the NIF

process, in which nuclei with a high mass number split 
to give more stable nuclides with a lower mass number 
and release energy.

Fusion is the source of the energy in stars, showing 
that an enormous amount of energy is available. Most 
research uses the isotopes of hydrogen, deuterium and 
tritium as fuel. Figure 1 shows the fusion reaction. If all 
the nuclei in a 1 kg mixture of 500 g tritium atoms and 
500 g deuterium atoms were fused, this would release 
over 90 GWh of energy. For comparison, the Sizewell B 
nuclear fission power station would take about 3 days 
to supply this much energy to the grid.

Achieving fusion
To achieve nuclear fusion, the two nuclei must be 
close enough together for the strong force to take 
effect. This requires a very high temperature of over 10 
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Technicians work inside the NIF target chamber
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Useful resources

Listen to Dr Kate Lancaster from the University of 
York Plasma Institute describing the NIF experiment 
in this BBC Science in Action podcast. The interview 
starts 19 minutes into the broadcast:  
https://tinyurl.com/2yn5fdve

energy overall, since the energy needed to operate the 
lasers is much greater than the energy transferred by 
their beams.

Magnetic confinement
There are other research projects that use magnetic 
fields to contain the plasma and keep it away from the 
sides of the container. The International Thermonuclear 
Experimental Reactor (ITER), a collaboration between 
many countries to build an experimental fusion reactor, 
is still under construction in France. At the heart of 
this reactor, called a tokamak, is a doughnut-shaped 
container in which the plasma is confined. Magnetic 
fields are generated by coils and the energy from fusion 
is absorbed through the walls of the container.

There is still a long way to go before our electricity 
is generated using an Earth-based fusion power station, 
but physicists have taken another small step.

million kelvin, so that the material becomes a plasma 
and the nuclei have enough energy to overcome the 
electrostatic repulsion between them. The density must 
also be high enough for there to be a good chance of 
the nuclei colliding.

A major problem is that, as soon as the plasma 
comes into contact with a container, it will vaporise the 
container and cool. Over many years of research, two 
methods of containing the plasma have been explored:
• inertial confinement
• magnetic confinement

Inertial confinement
At the NIF, pellets of deuterium and tritium are placed 
in a gold capsule and compressed and heated by up 
to 192 powerful laser beams focused on a small spot. 
This generates X-rays that heat the pellet so that the 
surface explodes. As it moves outwards, in accordance 
with Newton’s third law, the inside of the pellet is 
forced inwards. The fusion reaction is started by this 
compression and heating effect.

In the recent NIF experiment, the large increase in 
the energy yield took the team by surprise. The reports 
of ignition being achieved mean that the 1.3 MJ of 
energy from the pellet was greater than the energy 
deposited by the laser beams in the pellet. It is a big 
step forward, but a very long way from producing 

Questions
1 Write a nuclear equation for the reaction in 

Figure 2.
2 Show that the energy from fusing one 

deuterium nuclide (D) with one tritium nuclide 
(T) is about 17.6 MeV.

 D = 1.0151 u, T = 3.0160 u, He = 4.0026 u
 1 neutron = 1.0087 u
 1 u = 1.6605 × 10–27 kg
 e = 1.6 × 10–19 C
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