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Better tumor local control because of:

Physical selectivity
• higher conformity of dose to the target 

volume
• smaller lateral scattering

better sparing of normal tissues 

Biological selectivity
• greater biological effectiveness in 

radioresistant tumors

But:

More complex and expensive 
instrumentation is needed

Sensitive to target motion

IMRT Particles

EXTRA DOSE

Why particle therapy?

1



𝐃𝐛𝐢𝐨 = 𝐑𝐁𝐄 ∗ 𝐃𝐩𝐡𝐲𝐬
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𝐑𝐁𝐄 =
𝐃𝐗

𝐃𝐢𝐨𝐧

Relative biological effectiveness



𝐃𝐛𝐢𝐨 = 𝐑𝐁𝐄 ∗ 𝐃𝐩𝐡𝐲𝐬
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In clinical practice :

Relative biological effectiveness

𝐑𝐁𝐄 =
𝐃𝐗

𝐃𝐢𝐨𝐧



Experimental findings:
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Proton effectiveness

Different RBEs

Different biological doses
delivered to the patient
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Particles produced in target 
fragmentation have lower energy 

and higher Z than protons
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● Cells inactivated by 
ionization

● Cells inactivated by 
recoil fragments

200 MeV protons in water

R=1/8

R=1/40

Nuclear interactions



Cross sections needed:
p → most common nuclei in tissues

(as 12C and 16O)
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The FOOT project aims to 
measure these fragmentation

cross sections

200 MeV/u  p on Oxygen
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Energies calculated 
with an approximated 

analytic method

Target fragmentation
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Inverse kinematics strategy
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Inverse kinematics strategy



By applying the Lorentz
transformation we can switch

from the laboratory frame 
to the «patient frame»

Inverse kinematics strategy

θ (deg)

16O 200 MeV/u on CH2

Energies of interest: 
12C and 16O @100-250 MeV/u

→ β~0.6 The fragments (Z>2) 
are forward peaked:
maximum emission

angle <10°
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4He
C
N
O
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Target choice



Fragmentation cross sections on 
H can be measured by 

subtracting the cross sections of 
C and (C2H4)n
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C @95 MeV/u on C and C2H4 at GANIL
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Target choice



Heavy fragments (Z>2) 
production cross sections 
(max. uncertainty 10%)

Fragments energy spectrum 
dσ/dE (resolution 
~1-2 MeV/u)

Not needed accurate 
angular measurement 
(dσ/dΩ)
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Experimental setup & measurements

Beam
Monitor

Start
Counter

Target

Drift
Chamber

Scintillator

BGO CalorimeterSilicon
Trackers

Magnets

• Momentum
• Time of flight
• Energy 
• dE/dx



In treatment planning, assuming a constant proton RBE can lead to the deliver of an incorrect dose 

distribution across the tumor volume and in the surrounding healthy tissues.

The FOOT project aims to provide fragments production cross sections for proton beams, in order to 

improve protons radiobiological models. Since Carbon and Oxygen beams are currently used in clinical 

practice, also nuclear cross sections in direct kinematics will be studied to better understand the 

projectile fragmentation. The data taken is forseen in 2018/2019.

In my first year as a PhD student, I worked on the setup FLUKA simulation and optimization of the 

detectors layout. In the next future, I will help the FOOT collaboration in developing a software 

framework which will be able to handle both simulated and experimental data.
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Conclusions



Thank you!


