Track Structure Components: characterizing energy deposition from direct and peripheral hits in spherical cells
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[bookmark: _GoBack]The energy deposition by ionizing radiation in targets of the size of a few microns (microdosimetry), which is representative of a cell or its organelle, is very important to understand the effect of radiation and the biological response. Radiation physics has shown that ionizing radiation deposit their energy in a complex manner, referred to as the track structure. Consequently, energy deposited in the target is a function of several factors like the ion type, its energy and the irradiated volume. Important applications of microdosimetry are estimating quality factors for risk assessment in radiation protection (1) and quantifying relative biological effectiveness (RBE) for treatment planning of hadron radiation therapy (2).
In this work, we have simulated the energy deposition in spherical targets of 1, 2, 4 and 8 µm radii by 290 MeV/n carbon ions, using the code RITRACKS (Relativistic Ion Tracks) (3). The targets are encompassed in boxes of various sizes. As cells are often part of a tissue during an irradiation, the neighboring cells are irradiated. To mimic the effect of the contribution of the energy deposition of delta rays from neighboring volumes, we have also used periodic boundary conditions (PBCs). We have found that the energy deposited in targets is given by the sum of two components. The first component is the direct ion hits to the targets, which is identical for a given dose regardless of the size of the irradiation box or the presence of PBCs. The second component is the contribution of hits from delta-rays from neighboring volumes. When PBCs are not used, the contribution of indirect hits increase when increasing the irradiated volume size. When PBCs are used, the contribution of indirect hits is constant regardless of the size of the box. To obtain this result, it is necessary to consider that electrons that cross the volume boundaries originate from a different track, including electrons originating from direct hits. This study validates the use of PBCs for the calculation of energy deposition by ions in small targets, and provides an explanation from the energy deposition spectra that are observed. Furthermore, by showing that PBC can effectively mimic the contribution of delta rays originating from neighboring volumes, this approach can be used to improve the calculation time of some simulations.
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