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Purpose: The purposeof this report is to investigate the effects on the Relative Biological Effectiveness (RBE) due to nuclear
fragmentationduring irradiation with therapeutic carbonion beams,by using biological modelcalculations.Method and Materials:
In orderto disentangle thebiological effectsof themixedparticle fields, we evaluatedthe RBE originatedby primary carbonionsand
by fragmentstogetherand separately. The radiobiological efficiency of chargedparticles is mainly characterizedby their high local
ionization density which can be directly correlatedto the local density of DNA damage.We developed a codebasedon the Local
Effect Model (LEM) for the calculation of the cell survival after irradiation with carbonions.As input we useparticle distributions
sampledat differentdepthsin a watervolume,for differentenergiesof theprimaryions (between150and400MeV/u), generatedby
Monte Carlo simulationsusing the packageGEANT4. The computational effort wasperformedusingthe distributedINFN (Istituto
Nazionale di Fisica Nucleare) Grid computing resources.Results: For carbon ions, high RBE valueswere found in the high-LET
region (Braggpeak)¸ aswell as in the low-doseregion, the distal regionafter the Braggpeak,wherethe contribution to the RBE is
mainly dueto fragments.We show that theglobalbiological effectcanbewell reconstructedby a weightedcombination of thealpha
and beta parameters of the Linear-QuadraticModel (LQM) evaluatedseparatelyfor primary ions and fragments.The analysis
provided alsoan estimateof theRBE sensitivity to theuncertainties present in theexperimentaldataof fragment yield. Conclusion:
Our work estimatedthe impact of the fragments in hadrontherapy usingcarbonion beams.Due to the high RBE valuesfound, the
resulting biologicaldosecan beimportantin regions outsidetheirradiatedtarget,in presenceof organsat risk.


