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INTRODUCTION
Microdosimetry is used to estimate quality factors for risk assessment in radiation protection [1] and to quantify relative biological effectiveness (RBE) for treatment planning of hadron radiation therapy [2]. Radiation physics has shown that energetic ions deposit energy in a complex manner: the track structure. The Local Effect Model (LEM) [3] is often used as an approximation to describe this complex track structure. We have previously calculated an analytical expression for the dose to a spherical target fully located in the penumbra of an ion track using the LEM [4]. In this work, the calculation has been extended to all impact parameters. Furthermore, using these analytical expressions, it was possible to obtain the theoretical energy deposition spectra to a sphere irradiated uniformly.

MATERIAL AND METHODS
In the LEM, the radial dose at a given radial distance  from the track axis is given by
		(1)
where  is a normalization constant,  = 0.0003 µm is the core radius,   is the penumbra radius in µm,  is the energy in MeV/n,  = 1 g/cm3 is the density. Next, we simulated the energy deposition in spherical targets of 1, 2, 4, and 8 µm radii by 1,000 MeV H+, 250 MeV/n He2+, 290 MeV/n C6+, 325 MeV/n O8+, 300 MeV/n Si14+, and 1,000 MeV/n Fe26+ ions, using the code RITRACKS (Relativistic Ion Tracks) with periodic boundary conditions [4,5] to compare the results obtained with the analytical approach. The energy deposited in targets is the sum of two components. The first is the direct ion hits to the targets. The second is the contribution of hits from electrons originating from tracks that do not hit the target directly.

RESULTS AND DISCUSSION
The calculations provide an approximation of the energy deposited by an ion and of the energy deposition spectra without needing the full track structure calculation.
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Figure. Left. Energy deposited in a spherical target (radius of 2 µm) by a carbon 290 MeV/n ion as a function of the impact parameter, calculated by the analytical equations and RITRACKS. Right. Direct energy deposition spectra of a carbon 290 MeV/n ion in s spherical target (radius of 1 µm), calculated by the analytical equations and RITRACKS. The analytical expression is valid up to the cutoff value.
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