Analytical calculation of the energy deposition spectrum and average dose to a
spherical target by ion tracks at all impact parameters
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Microdosimetry is used to estimate quality factors for risk assessment in radiation protection [1] and to
quantify relative biological effectiveness for treatment planning of hadron therapy [2]. lons deposit energy
in a complex manner: the track structure. Amorphous track models like the Local Effect Model (LEM) and
the Kiefer-Chatterjee Model (KCM) are often used as an approximation to the track structure [3]. In the
LEM and KCM, the radial dose at radial distance r from the track axis is
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In the LEM, A; = A, = LET /mp[1 + 210g(1pax/Tmin)], and the core radius rp,;, = 0.0003 um. In the
KCM, A, = 1.25 X 1074(Z*/B)?, A, = [LET/6.24p — 21tA;In (Timax/Tmin)]/m, B is the ion velocity
relative to the speed of light, Z* = Z(1 — exp (—1258Z~2/3)) is the effective charge for an ion of charge
Z, and 7y,;, = 11.6f. In both cases, Tq, = 0.062 X EX7 um is the penumbra radius, E is the energy in
MeV/n, p = 1 g/em? is the density. Using amorphous track models, we calculated an analytical expression
of the dose to a spherical target for tracks outside the target (indirect hits) [4] and extended it to tracks inside
the target (direct hits). We also obtained a numerical and an approximate expression of the dose spectra to
a sphere irradiated uniformly. The expressions are function of A, A,, the target radius R and impact

parameter b. The results were compared to those obtained with the radiation track structure code
RITRACKS [5].
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Figure. Left. Dose to a spherical target by a C-290 MeV/n ion as a function of b, calculated by the analytical
equations (KCM) and RITRACKS, for three target radii. Right. Dose spectra of a C-290 MeV/n ion in a
spherical target (R=2 pm), calculated by the analytical equations (KCM) and RITRACKS.

The analytical model is in good agreement with dose calculation obtained from RITRACKS at all radial
distances. The spectrum is in good agreement with RITRACKS for the direct hits, but not as much for
indirect hits.
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