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Cancertreatment & Radiotherapy
Radiotherapy employs different kinds of 
radiation to destroy cancer cells, by 
damaging their DNA and thus invalidating 
their duplicating capability.

ü Mainly photons (linear accelerator ~10 MV) 
and sometimes electrons

ü Several beams from different directions 
are superimposed 

ü Not so expensive, well known and reliable

Conventional radiotherapy

Particle therapy or 
hadrontherapy

ü Relatively new and expensive technique
ü Mainly protons and carbon ions (but also 

helium and oxygen)
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X-rays Particles

EXTRA DOSE

Whyparticletherapy?
Better tumor local control because of:

Spatial selectivity
Å higher conformity of dose to the 

target volume ( Bragg Peak )
Å smaller lateral scattering

better sparing of normal 
tissues 

Biological effectiveness
Å greater biological effectiveness 

(increases with the charge) 
radioresistant tumors

But:

More complex and expensive 
instrumentation is needed

Sensitive to target motion
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The roleof nuclearfragmentation
Proton Therapy

ü Target fragmentation
ü Low energy fragments: small range (~tens of ʈm)
ü Most abundant fragments expected: He, C, Be, O, N 
ü No experimental data for heavy (Z җ3) fragments
ü High Z fragments: high cell killing effectiveness (ᶿ

dE/dx Ÿ increases with the charge) 
ü Increase of biological damage (~10%) in the entrance 

channel ( Grun 2013)
ü Higher production cross section in the entrance 

channel (increases with beam energy)

Ion Therapy

ü Both projectile and target nuclei fragmentation
ü Same velocity but lower mass wrt primary particles: 

long range 
ü Unwanted tail beyond the Bragg peak
ü Mixed particle field of different cell killing 

effectiveness: considered in 12C treatment, but still 
scarce validation data. Effect to be studied with new 
beams: 4He, 16O

A
. M

a
ir
a

n
i, 
P

h
D

T
h

e
si

s2
0

0
8

4

MC nuclear models not enough 
reliable.

Improve the knowledge of the 
pŸpatient (p Ÿ H,C,O) interaction 
at therapeutic energies (100- 200 
MeV)  is needed to implement 
sound radiobiological models.



FOOT goals

Particle therapy
Å Cross section for therapeutic beams at therapeutic 

energies: 
Å 200 MeV for protons
Å 250 MeV/u for He ions
Å 350 MeV/u for C ions
Å 400 meV/u for O ions

Å Tissue - like target (H, C, O)

Space radioprotection
Å Cross section for high energy: 

Å 700 MeV/u for He ions
Å 700 MeV/u for C ions
Å 700 meV/u for O ions

Å H, C, O targets

ü Fragments production cross sections (at level of 5%)
ü Fragments energy spectra dʎ/ dE (energy resolution ~1 MeV/u)
ü Charge ID (at the level of 2 -3%)
ü Isotopic ID (at the level of 5%)
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