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Introduction Simulation setup: volume irradiation with stochastic tracks

 Energy deposition by ionizing radiation In  The code RITRACKS (Relativistic lon Tracks) [3] simulates
micrometric targets representative of cells is very detailed stochastic radiation track structures of ions of
important to understand the effect of radiation and different types and energies.

the cellular and biological response. » A parallelepiped volume is defined. Its bottom surface is
Microdosimetry is used to estimate quality factors irradiated by n tracks, determined by sampling the Poisson
for risk assessment in radiation protection [1] and distribution, p(n) =A"exp—1/n! where A1 =¢A is the
quantify Relative Biological Effectiveness (RBE) for average number of tracks, A is the area of the irradiated
treatment planning of hadron radiation therapy [2]. surface, and ¢ is obtained from a given dose using

Radiatjon physicg has shown that ionizing radiation D(Gy) = 1.6 X 10°¢p(cm~2) x LET (keV /um)
deposits energy in a complex manner, referred to o | _
as the track structure.  The LET of an ion is calculated using the Bethe's equation. LR

Consequently, energy deposited in a target is a * To mimic the contribution of energy deposition of delta-rays Ve
function of variables such as the ion type, its from tracks In neighboring volumes, periodic boundary

energy, and the irradiated volume. conditions (PBCs) are used. Essentially, all electrons leaving
the irradiation volume are put back on the other side of the Example of RITRACK simulations for photons, protons 150 MeV,

. . - Carbon 600 MeV/n, | 500 MeV/ d mixed irradiation field. Th
volume, with the same energy and direction vector. dose o approximataly 0.2 Gy in all casee. oo 1 RS

Calculation of the dose to the target at various impact parameters
 The radial dose is given In the Kiefer-Chatterjee [5,0]

Simulation set-up: microtarget

* Wall-less sphgrical \./vatelr targets are used and parameterization by O ose
encompassed in the irradiated volume [4]. (g Tmin = 11.6Bion 10 T 1 calculated by the
: : 21 r<r,. JKC @ 03K Tmax 101]: Kiefer-Chatterjee local effect model
 The energy deposited is calculated for each re. 1= |, T andylog | . = 0.062 x EL7 = 103 (LEM) and by the
individual track D.(r) =1 1, o e g o Kiefer-Chatterjee
' | 2 Tmin <7 = Tnax o 7 ’ E is the energy per nucleon g 125 parameterization
» The tracks are categorized | | 0 r> A7 = 125 X107 o | B.on is the relativistic beta. o]
d_ t f th h h Direct Indirect \ max 'Bwn 09 :
as direct for those whic T - . .
the  axis  intercepts  the * The energy deposited In the target by one track can be calculated T T T o To T o o T T
d . dp f '% ana|ytICa”y Radial distance (um)
target, and Indirect for ndirect i b: Impact parameter : Oy DO sfphefci.cal
o rack le €290 MeVin RITRACKS | argets as a function
thOSG that dO not. - Dsphere = 7:/ = {R — \/bz — R2sin™* (E)} R: target radius [ oueice 100‘;&\  Reqonm ofg the impact
° ' T ' S 107" 4 ' © R=20pm ] parameter for one
Elect.rqns are Cons_ldered e GR %N pirect, Inside part V.: Sphere volume S | o | 290 MeV/n carbon
to originate from a different e madiated VR ]2 p2 _ p2 [ ~20m | track (dots), and the
. olume in N - L _ t del
track after crossing a o - Dsphere ¥ —— [Azlog (4 r, o2 )”’11 ”2)]' RRISE | prediction with the
Definition of direct/indirect . ] . .
boundary_ contributions . . 10° Kiefer-Chatterjee
Direct, outside part model for targets of

i ot
2 _ p2 _ 2 _ K2 0 1 2 3 4 5 dius 0.5 1 and 2
Dguffere ~ 21y 2R + \/RZ — b2 —2+1log| 4 (R b )(R VR b ) ~ 3Dview of anion track and a b (um) Lamlus oA

P Vs bz(R +VR? — bz) spherical target. '

Calculation of the direct and indirect spectra Conclusions

* The probability density function P(D) (where D is the dose) is calculated as: , - * AN an?Iy.t 'C?.I m;])del bbased q onl thde tKleferI-Creitter{ﬁe
o b 1 parameterization has been developed to calculate the
P(D) =& = df /db | 7|=df /db | AR energy deposition to a target by ion tracks at all impact
* Since the target is irradiated uniformly, the probability for a track to be found g LY - parameters. An analytical expression was also derived for
between the impact parameters b and b + db is given by ¢2rnbdb, where ¢ Is da 4 the energy deposition spectra.
the ﬂuence' Dose to target by multiple tracks. * The CaICUIationS were Compared W|th those frOm the COde
» By the analytical model, each impact parameter Iis associated with a given RITRACKS.

dose (or energy deposition). - The energy gap between the indirect and direct spectra is

10° +—

» The equations cannot be inverted analytically. However, an approximate - due to the missing calculation between R-r,. <b<r+R__
i i 2 i i el
relqtlonshlp between b4 and the energy deposited in the sphere can be i = References
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Download RITRACKS:
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P(D)dD = qan—Zz dD Indirect spectra, 1 term a target of radius of 2 um.
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