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Physics motivations 

• Radiation risk estimations for humans for effect GCR (Galactic 
Cosmic Radiation): highly charged energetic atomic nuclei (HZE 
particles) not effectively shielded, for effect of fragmentation break up 
into lighter more penetrating pieces    

•  Single Event Upset in microelectronic circuits 

•  Cancer therapy with light ions (Z<9) 

A deeper understanding of the physics process is required in both 
field of Space Radiation and Hadron Therapy for having a better 
radiation treatments and getting risk assessment in interplanetary 
spaceflight 

The measurement of fragmentation cross sections is an important 
information to estimate how this process modifies dose distributions 
and biological effectiveness 



•  Attenuation of the primary beam and  build up of low Z reaction products 

•  Long range fragments deposit dose beyond maximum range of primary beam 

•  Physical model, in addition to scatter and ionization, should properly account for 
fragmentation in order to calculate deposited dose 



•  In order to estimate the radiation risk assessment on humans Dose Equivalent 
in critical organs has to be simulated, this means to simulate the nuclear 
fragmentation process 

•  Validation of nuclear model implemented in simulation tools is extremely 
important   





•  Double sided micro-strip silicon detectors, 1  thin sensor before the 
target and 4 thin sensor after, two thick sensors at end of apparatus 

•  Positions between changed 

•  Cooled dry air (2°C) blowing on sensors   





•  11 different targets 

•  7 elemental: Carbon, Aluminium, 
Iron, Copper, Tantalum, Lead 

•  4 composite targets: Water, 
Polyethylene, Lucite, Silicon 
Carbide 

•  same material with different 
thickness 

•  run with different sensor 
distances for evaluation of 
systematics  



•  When the hit is in the interstrip region 
(η=0.5) the collected charge is lower 

•  A correction has been implemented by 
using a run without target and used for 
all the other run 
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Boron 

Berillium 

Lithium 

Helium 
Proton 

•  Cleaned sample due to track fitting  

•  Selections cuts: request to have only 
one cluster in ladder before the target and 
fit probability cut. 

• Graphical cut to select peaks (the same 
for each target and configurations) 

•  Charge correlation distribution is 
produced for all combination of sensors  

•  The selection criteria are the same for 
any target material analysed 
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Probability 
density function 

Likelihood L(Z) is computed for each Z ipothesis 
in order to find the most probable Z 

Charge scatter plot produced for all 
sensor combinations is projected on each 
sensor and used to build the p.d.f.‘s for a 
given Z and a given sensor S 
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survived primary events 

Primary + Fragments 

obtained in run without target 

A: mass number  
ρ: target density 
d: target thickness 
NA: Avogadro number 

Total cross section 

Partial cross section 







•  Python based simulation software  

• Input files are GDML detector descriptions 

•  Output in root files with Geant4 and Fluka simulation in the same tree structure 













The discrepancy in light Z fragments increase in the cases of targets with high 
mass number 















Carbon on Water data 



DZ	
   E(Mev/n)	
   Σ	
  (mbarn)	
   Ref	
  

1	
   364	
   221±14	
   Toshito	
  et	
  al.	
  

312	
   218±15	
   Toshito	
  et	
  al.	
  

255	
   210±18	
   Toshito	
  et	
  al.	
  

1	
   200	
   232±21	
   Golovchenko	
  
et	
  al.	
  

1	
   500	
   168±8	
   This	
  work	
  

1	
   670	
   215±6	
   Schall	
  et	
  al.	
  

Carbon on Water 



DZ	
   E(Mev/n)	
   Σ	
  (mbarn)	
   Ref.	
  

2	
   364	
   89±9	
   Toshito	
  et	
  al.	
  

312	
   95±10	
   Toshito	
  et	
  al.	
  

255	
   93±11	
   Toshito	
  et	
  al.	
  

2	
   200	
   115±18	
   Golovchenko	
  
et	
  al.	
  

500	
   74±4	
   This	
  work	
  

DZ	
   E(Mev/n)	
   Σ	
  (mbarn)	
   Ref	
  

3	
   364	
   120±10	
   Toshito	
  et	
  al.	
  

312	
   115±11	
   Toshito	
  et	
  al.	
  

255	
   128±13	
   Toshito	
  et	
  al.	
  

3	
   200	
   182±19	
   Golovchenko	
  
et	
  al.	
  

3	
   500	
   161±24	
   This	
  work	
  

Carbon on Water 



DZ	
   E(Mev/n)	
   Σ	
  (mbarn)	
   Ref	
   E(Mev/n)	
   Σ	
  (mbar)	
   Ref	
  

1	
   225	
   1037±88	
   Golovchenko	
  
et	
  al.	
  

500	
   934±36	
   This	
  work	
  

216	
   1159±74	
   Golovchenko	
  

et	
  al.	
  

201	
   1277±248	
   Golovchenko	
  
et	
  al.	
  

2	
   200	
   462±41	
   Golovchenko	
  
et	
  al.	
  

500	
   460±24	
   This	
  work	
  

3	
   200	
   602±51	
   Golovchenko	
  
et	
  al.	
  

500	
   852±141	
   This	
  work	
  

Carbon on Lucite 





•  Measured total and partial cross-section of Carbon 500 MeV/n on Graphite, 
Aluminium, Iron, Copper, Tin, Tantalum, Lead, Water, Polyethylene, Lucite, 
Silicon Carbide 

•  In most of cases several thickness and setup configuration are considered in 
order to properly evaluate systematic 

•  Comparison with simulation give a good agreement (within 5%) on total CS 
with Geant and Fluka 

•  Comparison of partial CS with the simulation give a reasonable agreement 
also for charge changing process ΔZ=1, ΔZ=2, ΔZ=3 

•  Disagreement in charge changing processes ΔZ=4, ΔZ=5, the disagreement 
increase for heavy target 


