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Depth-dose profile

percentage depth dose (PDD) curves from 4, 6, 10, and 20 MV photon beams 
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Question:
How to use photons to treat tumours?

Which parameters should be considered?
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Radiotherapy with photons

Main properties:

● Well established and widespread radiotherapy technique

● Different beam entry directions to avoid excessive of dose 
deposition in the healthy tissues

● “Low” cost machinery
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Question:
How can I exploit the Bragg curve to treat 

tumours?
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Particle therapy

Main properties:

● Max dose release in the Bragg peak

● Better dose conformation over the tumour volume, 
minimizing the damage in the healthy tissues

● Enhanced biological effectiveness for heavy ion 
therapy (Z>1)

● Mainly proton and carbon ion treatment centres

● Well established radiotherapy technique

Particle therapy: a form of radiotherapy that uses hadrons for the treatment of solid tumours

tumour 
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Particle therapy vs conventional radiotherapy

Due to the physics, there is a clear “geometrical” 
advantage in the use of heavy charged particles 
with respect to photons to treat tumours

Pancreatic tumor treatment planning 
A: Intensity modulated coplanar photon beam (9 beams)
B: Coplanar proton beam (4 beams)
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Particle therapy: first proposal
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Particle therapy brief timeline



10

Particle therapy facilities at present
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Particle therapy facilities at present
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Particle therapy facilities at present
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Particle therapy facilities at present
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Particle therapy facilities in Italy
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Particle therapy facilities in Italy
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Particle therapy facilities in Italy
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Particle therapy facilities in Italy

Protontherapy @ Trento:
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Radiotherapy facilities in Italy
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Questions:
Why 12C ion?
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Fragmentation effect

● The fragments produced from heavy 
charged particles have similar direction and 
velocity of the projectile, but with a lower 
mass

● The result is a dose deposition beyond the 
Bragg peak

● The use of 12C ion is a compromise between 
the (mainly biological) advantages and the 
cons due to the fragmentation effect
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Fragmentation effect



22

Fragmentation effect

Simulations of the fragmentation 12C ions using the Monte Carlo code FLUKA. Fragment angular 
distribution dσ/dΩ at 200 MeV/n on a graphite target
Durante and Paganetti “Nuclear physics in particle therapy: a review”, 2016, Reports on Progress in Physics
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Feel free to ask a copy of the papers to the lecturer
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Questions?
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INFN Terza missione

https://cc3m.infn.it/
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