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Robust algorithm for dose homogeneity optimization on the SOBP.
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Proton beams

FPristine curve of proton 7Ok e’
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Comparison of the effect of the original ripple filter type (B) as
described by Weber et al and the approximated ripple filter type (A)



Proton beams maximum variation

DE/dz [a.u]
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Proton beams

0.8
1]
1]
0.z

Imelasag

1500 2000 2500
Depth[0.07mm]

1000

a00

1000 1500 2000 2500 3000 3500 0 4000 0 4500

a0a

Depth [0.01 mm]

Spread out of the Bragg peak for proton beam of 70 MeV

respectively without ripple filter and with ripple filter type(A) of 3

mim.

10



Proton beams SOBP

Ripple filler 3mm type{A)
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Spread out of the Bragg peak for proton beam of 160 MeV respectively
with ripple filter type(A) of 3 mm and without ripple filter (a-c) and the
corresponding histograms of dose distribution on the SOBP (b-d)
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Proton beams
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Proton beams double filter

If (distance between filters is not enough)
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Proton beams Effect of double filtering
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Geant4 simulations of energy losses as functions of depth for different setting of
ripple filters in the proton beam path before the water tank
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Results

J Carbon ion beams
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Carbon ion beams Effect of double filtering
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Comparisons between dose-depth curve simulated with respectively one and
two ripple filters for carbon 1on beam of 100 MeV/u
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SOBP

Carbon ion beams
(c) Bragg curve after passing through two ripple filters type(A) distant 30 cm,

(b) Bragg curve after passing through one ripple filter type (A) of 2 mm, using
using 8 single spots with step of 2.2 mm

Spread out Bragg peak of carbon 1on beam of 100 MeV/u with:
14 single spots at 1 mm step,

(a) pristine Bragg curve using 8 spots at 0.5 mm step,

19

[he] omo,n_

1500 2000
Depth [0.01mm]

1000

900

1800 2000 2200 2400 2600

1600



15

10

=] s =
= = =

]

—

??

Falloff problem

0

[.5

0.5

0.4

o]

>t

7 [

28

27

depth [mm]

20



Carbon ion beams
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Data Sampling for Radiobiological calculations with Local Effect Model
(LEM)

Particles Data:
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Local Effect Model

Evaluation of cells survival
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Cells survival calculation
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Ipple-Filter simulations — beta
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Ripple-Filter simulations — RBE-alpha
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Physical and Biological Bragg peak comparison
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Conclusion and Perspectives

* Design and test of new ripple filters

— Characterizations of ripple filters for proton and
carbon ion beams.

— Advantages in the use of ripple filter with simplified
sections

— Use of a double-filter, coupling two ripple filters.
* Good agreement with experimental measurments

* Definition of the transfer function relative to each
ripple filters.

* => |nvestigations on the biological equivalent dose.

28



Linear-Filter Approach

The beamline is considered as a

“black box": Water Phantom Water Phantom

the net effects are described by a Y
transfer function f;

the dose look-up tables are
obtained by linear filter
convolution:

D=fxD°

the / is obtained from Pencil-Beam Exp. Beam

experiment, via a deconvolution
procedure: A T

= F Y(F(D)/F(D°)
Beamline
the («, 3) look-up tables are

|
|
obtained by “LQ" convolution: I

= 0o
e o D% af, % — pencil beam (simulated);
8 = (f x[/B°D°]/D)? > D,a, 3 — experimental beam.



