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Purpose: The purposeof this report is to investgae the effects on the Relative Biological Effectiveness (RBE) due to nuclear
fragmeration duringirradiation with therapeutic carbonion beams by using biological model calcubktions.Method and Materials:

In orderto disentangk thebiological effectsof the mixed particle fields, we evaluatedhe RBE originatedby primary carbonionsand
by fragmentstogetherard separaely. The radobiological efficiency of charged pariclesis mainly characterizedy their high local
ionization densty which canbe diredly correlatedto the local densiy of DNA damageWe deweloped a codebasedon the Local
Effect Model (LEM) for the calculation of the cel survival afterirradiation with carbonions. As inputwe usepatrticle distributions
sampledat differentdepthsin a watervolume,for differentenergesof the primaryions (beween150 and400 MeV/u), generatedy
Monte Carlo simulationsusng the packageGEANT4. The compuational effort was peformedusingthe distributed INFN (lstituto
Nazionaé di Fisica Nucleare) Grid compuing resairces. Resuls: For cabon ions, high RBE valueswere found in the high-LET

regon (Braggpeak), aswell as in the low-doseregion, the distal region after the Bragg peak,wherethe contiibution to the RBE is
mainly dueto fragmentsWe show tha the global biological effect canbewell reconstuctedby a weightedcombinaion of thealpha
and beta paraméers of the Linear-QuadraticModel (LQM) evaluatedseparatelyfor primary ions and fragments.The analyss
provided alsoan estimateof the RBE sersitivity to the uncertainies preent in the expeimentaldataof fragmentyield. Conclusion:

Our work estimatedthe impad of the fragmens in hadronherapy using carbonion beams.Due to the high RBE valuesfound, the
resultirg biologicaldosecan beimportantin regions outsidetheirradiaiedtarget,in presencef organsatrisk.



