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GSI DATA  
12C @  220 MeV/u 

 

90 deg  
1.83 x 10-3 p/sr pr 

 
60 deg   

2.35 x 10-3 p/sr pr  
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FLUKA full simulation 

Proton energy distribution entering the Profiler 

GeV 

12C beam:  220 MeV/u  
60o 

𝑑𝑁𝑝

𝑁𝑐
 (Profiler) =  

  1.44 × 10−3 Protons/12C primary 



𝑑𝑁𝑝

𝑁𝑐 𝑑Ω
 (60o) = (8.78 ± 0.07stat ± 0.64sys) × 10−3 sr−1 

From HIT data: 

Protons/ 12C primary  x sr 
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∆Ω 𝑃𝑟𝑜𝑓𝑖𝑙𝑒𝑟 = 
𝐴

𝑑2  =  0.27 sr   

𝑑𝑁𝑝

𝑁𝑐
 (Profiler) =  2.36 × 10−3 Protons/12C primary 



What next: 
Evaluation of the proton emission distribution shape 

@ different target thickness 

With growing target  thickness, the proton emission shape changes. 
 

Protons detected outside different PMMA thickness 
at 20o  with respect to the beam direction. 

95 MeV/u  12C beam 

E. Testa et al. 
Phys. Med. Biol. 57 4655 
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How to manage it: 

Create a parameter “map”: 
 Simulation with the parametric proton 

generator 
 Cylindrical PMMA target with different 

thicknesses 
 Fit of the proton emission curve with the 

function: 
 
 
 
 

 
 Parameter VS thickness relation 

water target motivation: to eliminate the proton emission shape 
deformation due to the material/density discontinuity,  we will have 
to convert the patient CT into a ‘’water equivalent’’ geometry 

NOTE:  We will have to consider also the proton range variation 
due to the material/density discontinuity into the patient CT 



Conclusions 

 FLUKA reliability related to the integral secondary proton flux 
at large angle seems noticeable, notwithstanding the known 
issues related to the transition region between two different 
N-N interaction models. Maximum error within ~50% 
 

We have shown the need to investigate the relationship 
between the proton emission shape and the crossed material 
thickness (for NON-homogeneous materials as well!) 


