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Motivation

e Stray radiation deposit dose far
away the treatment target (~80%
of the effective dose from stray
radiation).

® |[nternal secondary neutron also
contribute to the dose (~20% of
the effective dose from stray
radiation)

e Secondary neutrons show a high
relative biological effectiveness.

For carcinogenesis may be
~25%.

¢ |n proton therapy, neutrons are
created initially at the treatment
nozzle and at the patient by non-
elastic nuclear interactions
starting from ~20 MeV.

¢ [hus, we evaluated the neutron
yield from thick targets made of
Aluminum, Carbon and Iron for
proton energies within the
therapeutic range.
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Geometry and physics list

Modular physics list (for proton dose

calculations)
G4EmStandardPhysics_option4
G4HadronPhysicsQGSP_BIC_HP
G4lonBinaryCascadePhysics
G4HadronElasticPhysicsHP
G4StoppingPhysics
G4RadioactiveDecayPhysics
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b s
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Radius (cm) Thickness (cm) Density

Material

113 MeV 256 MeV 113 MeV 256 Mev (9/cm®)
4.0
Carbon 3.65 8.0 5.83 30.0 1.867

Iron 3.65 8.0 1.57 8.0 7.867

Aluminum 8.0
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Neutron yields: 113 MeV

Absolute neutron yield (/p/MeV/sr)
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Neutron yields: 256 MeV
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Ratio of neutron yield (E < 20 MeV)

Ratio of neutron yield (E < 20 MeV)

Integrated neutron yields
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Integrated neutron yields
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Integrated neutron yields
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Conclusions

e [n general, an improvement in the accuracy of integrated total yields was
obtained for 113 MeV with the current beta version for all target materials and all

angles, compared with v.10.2.p01.

e |n the other hand, the 256 MeV energy beams showed lost of accuracy only for
60" and 150" for aluminum and carbon materials.

e Source terms and attenuation parameters can be used for comparison between
codes due to the lack of experimental data at these proton energies
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