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FRED FOR PROTONS

» FRED (Fast Particle thErapy Dose evaluator) has been
benchmarked for proton therapy with less than |% error on dose

delivery calculation.

* Physics models implemented In the code are:

- Stopping Power

- Energy Fluctuations

- Multiple Coulomb Scattering (MCS)

- Nuclear interactions (elastic and inelastic)

- At CNAO hadrontherapy centre in Pavia, 90% of the patiens are
treated with carbon ion therapy. There Is need to develop a fast
MC tool for dose recalculation with carbon ions.
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MAIN THESIS GOALS
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THESIS PROJECT

Toy model of
iNnteraction wit
tissues

- Continuous processes:
stopping power, multiple Coulomb

scattering — easy model based on

cross section and kinematics

- Discrete processes:
elastic processes, carbon 1on

multifragmentation — complex task,

need for fast implementation
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“Secondary beam fragments produced by 200 MeV u-12C ions in water and
their dose contributions in carbon ion radiotherapy”, K. Gunzert-Marx, 2008
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Y COMPUTING
TOTAL CROSS SECTION

Experimental survival fraction of carbon ions
in a thick water absorber: curves at different
beam energies show the same slope.

Fitting the two data sets, it I1s possible to i R e e N e
derive the mean free path of the ions in s ....... ....... ....... ....... ....... ....... ...... .
water applying the exponential law:
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>\ - — [1] E. Heattner et al. , “Experimental study of nuclear fragmentation of 200
EtOt and 400 MeV/u '2C ions in water for applications in particle therapy”, 2013
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Y COMPUTING
TOTAL CROSS SECTION

» Fach generated carbon ion Is
assocliated with a number of mean

free paths Nmfp normalized to 4
and exponentially distributed

» At each step N IS decreased by
a factor dn = %, where ds Is the
range step computed in FRED

* Fragmentation of the carbon ion
only occurs If Nmfp reaches zero
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2) COMPUTING
FRAGMENT MULTIPLICITY

» A cumulative distribution sampled out 1000 o

from [2] has been implemented in the “
: : 1200/
generation of the single fragment charge |
1000
. 800
* No constraints on fragment number has
been used In FRED ool
200
1200_ % o:i::: 07(;# 1 2 3 T 5 ‘ é ‘
1000:— Charge
m__ Experimental measurements of charge
m_ multiplicity (above) and number of fragments
- (left) from 300 MeV/A carbon beam on a
2“;5. | SRS S NS S S ST S | I l .......... thiC|< Wa-ter target [2]

[2] G. De Lellis et al. , “Measurement of the fragmentation of Carbon
nuclei used in hadron-therapy”, Nuclear Physics A 853 (2011)
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2) COMPUTING
FRAGMENT MULTIPLICITY

* For each primary carbon
jon, a maximum set of 5
fragments Is generated with
its charge Z extracted in the

range | |,6]

B INCL + FBU
[ amD + FBU
I HIPSE + SIMON
[(® ] Data

sigma (b)

10"
* The fragment mass Is

generated following the L=
single 1sotope distributions o -
according to Ganil data on F
the r‘ight [3] 0 7Be 9Be 108e 108 118 10C

[3] J. Dudouet et al. , “Carbon fragmentation measurements at 95 MeV/A for
hadrontherapy and comparisons with simulations ”, XVIlIith Colloque GANIL (2013)

* The extraction of a set of
fragments Is carried out only
if the sum of generated
fragments charges Ziot = 6
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3) ENERGY AND ANGLE

DISTRIBUTION

» Data of GANIL E600
Experiment have been stored in
2D histograms, one for each
target atom (C,H,O) and for
each of |5 possible fragments

* T'he extraction algorithm has

been implemented using a hit-or-

miss method on the 2D
histograms, In order to correctly
reproduce the data distribution
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An example of 2D histogram for |H production

cross section on O target
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3) ENERGY AND ANGLE
DISTRIBUTION

ROOT CROSS SECTION DATA ANALYSIS

1H fragments simulation: 12C on O target
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3) ENERGY AND ANGLE
DISTRIBUTION

» The only data avallable are at 95 and 50

Y XZ slice at y=0.00
MeV/A, so 1t Is necessary to scale data

* As a first approximation, energy and
angle have been scaled with respect to
the primary beam energy

15

Eprimary

Po
Afra,g X \/
Pprimary

* The reference beam energy 1s 95 MeV/A

Efrag X

» Scaling has been checked with data at the e 4 2 02 46
two different energies
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S TOICHIOMETRIC MODEL

» Evaluating
single element
target '2C
Cross sections
allows to
compute dose
delivery on
complex
targets

* [he model has
been validated
on PMMA
(CsHgO2)
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J. Dudouet et al.,""Double differential fragmentation cross sections measurements of 95 MeV/u '°C on thin targets for hadrontherapy”, 201 3
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BRAGG PEAK: FLUKAVS FRED

ENERGESTIRAGGLING NOT IMPEEMENSRERSSEIS
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NUCLEAR INTERACTIONS

LINEAR DOSE SCALE

XZ slice at y=0.00

FLUKA @ 220 MeV/u "
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NUCLEAR INTERACTIONS
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OQUTLOOKS

* Fast calculation with FRED
to support carbon ion
treatment planning

* Possible implementation In
CNAQ clinical routine

* Possibility to reduce
batient QA measurements
using “Iin silico™ verification
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