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enough cancer cells, the tumour is destroyed. X-ray 
and gamma-ray photons are used, and some centres 
use protons. The high-energy particles will also kill or 
damage healthy cells, so techniques are used to reduce 
damage to healthy tissue — it helps that cancer cells are 
less able to repair themselves than normal cells. 

Because protons are charged particles, they can 
be accelerated in a synchrotron (Figure 1) until they 
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Proton beam therapy is the treatment 
that Ashya King’s parents wanted for his 
malignant brain tumour. Following on from 
the controversy, Carol Tear looks at the 
physics of the treatment

When 5-year-old Ashya King was diagnosed 
with a brain tumour, his doctors at 
Southampton General Hospital proposed 

conventional radiotherapy treatment. However, Ashya’s 
parents, Brett and Naghmeh King, had researched other 
methods of treatment using the internet. As a result, 
they wanted him to be treated in the Czech Republic 
using proton beam therapy.

Brett and Naghmeh removed Ashya from the 
hospital and took him to Spain, where they were 
arrested. Ashya was sent to a Spanish hospital on his 
own. After public protest, Ashya’s parents were released 
and he was treated in Prague.

What is special about proton 
beam therapy?
External-beam therapies use beams of high-energy 
particles to penetrate the body and ionise atoms in the 
DNA of the cancer cells. When this kills or damages 
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A radiotherapist prepares a proton 
radiation delivery system

magnets to direct protons into 
side tubes when they are used

electromagnets to 
deflect beam into 
circular path

proton source

accelerating
electric field

beam 
tube

linear
accelerator



first
dose
(high dose)

second
dose

tumour

third dose
(lower dose)

review

Find out more about our full  
range of magazines and online  
archives of back issues at  
www.hoddereducation.co.uk/magazines 

have the energy required to penetrate to the depth of 
the tumour — the target depth. As they pass through 
the body they interact weakly with electrons and 
protons, slowing down. At the target depth they are 
moving slowly and so maximum interaction occurs 
with orbital electrons, ionising atoms. This is called the 
Bragg peak. The beam does not continue through the 
rest of the body.

This concentration of the energy in the tumour is 
an advantage. There is a good case for proton beam 
therapy for some brain tumours, especially in children 
(where the potential damage to healthy tissue is greater 
than for adults), and for tumours of the eye, where the 
exit for the beam is through healthy brain tissue.

What is the alternative?
X-rays and gamma rays have a wider range of energies, 
and the photons pass right through the body, ionising 
atoms all along their path. By moving the beam to 
different positions, the dose can be concentrated in 
the tumour, lessening the impact on the normal tissue 
surrounding it (Figure 2).
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Activities
1 What is the energy of a 250 MeV proton in 

joules?
2 Use the proton rest mass (1.67 × 10–27 kg) 

and Ek = ½mv2 to calculate the velocity of the 
proton. Explain why the real velocity will be 
much less than the value you have calculated.

Useful sites
The National Association for proton therapy: 
www.proton-therapy.org/howit.htm

Archived news article from Fermilab about proton 
beam therapy: www.tinyurl.com/47l2lq

Where are the centres?
The technique was first proposed in 1946, and the 
Fermi National Accelerator Laboratory (Fermilab) in 
the USA designed and built the accelerators, with the 
first treatment occurring in 1954.

The first hospital-based treatment centre was 
opened in southern California in 1990. Its accelerator 
measures 6 metres in diameter and the protons have 
energy up to 250 MeV, which gives a Bragg peak 38 cm 
deep. There are now many centres in the USA and in 13 
other countries around the world, with others planned. 
The UK has one at Clatterbridge that treats eye tumours, 
though the proton beam is not energetic enough to 
penetrate deeper. Two new UK centres are planned, one 
in Manchester and one at University College London. 
They will not open before 2018. 

Figure 2 Moving the beam to different 
positions can lessen the impact on healthy 
tissue
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