Simulation of light ion collisions from Intra Nuclear Cascade
(INCL-Fermi Breakup) relevant for medical irradiations and radioprotection.
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*Treatment of tumors by light ion beams
(C of a few 100 MeV/nucleon, H,0,C...Ca targets)
*Radio protection of manned spacecraft irradiated by cosmic rays
(protons, He...up to Fe, Higher energies ~1 GeV/nuc.)
*Subsidiary: damage to spacecraft electronics (Si targets).

Good success of INC-Deexcitation as event generator
(p-Nucleus, spallation processes)

Nuclear reaction treated by a Monte-Carlo: gives all outgoing particles (except v),
all correlations, all outgoing channels without parameter tuning.

We have extended here INCL4 (well established for spallation processes) for light
ion beams (up to C-O) and perform tests including light targets and low energies.

(Nothing new in itself, only one more model on the market with its own
success and defects, useful for the evaluation of systematic uncertainties).




Ingredients of the model

1) Target preparation

2) Entering particles

3) Propagation (t dependence)

4) Interactions

5) Escaping particles

6) End of the cascade
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Nucleus-Nucleus: a+A

Spectators

(in the “a” c.m.) a (possibly transparent) E=2.
p(F) N P=2.p
p(§) \ : M = f(Z,4)

S=+vE*-P?
b E'=S-M

Spectators: Fermi-Breakup (possibly evaporation)

Excitation energy (per nucleon) comparable to the binding energy.
Sequential emission not justified: Partition in one step.
(Probability of various partitions statistically evaluated.)

(Version used: DRESNER from LAHET), ABLAv3p for target evaporation
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GEANT4 calculations with various models from
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BIC: Binary Intranuclear Cascade

QMD: Quantum Molecular Dynamics

ABRABLA: Abrasion-Ablation
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Fragmentation: 3 GeV/n Fe, 1 GeV/n Cl ions
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Conclusions

INCL4 has been extended to heavy beams (up to C-O)

It gives encouraging results: For C-O...Pb from 135 MeV/nuc to a few GeV/nuc:
*n double diff cross sections
*Fragmentation of projectiles (residual nuclei)

Competitive with other existing models

INCL4-ABLA already in GEANT4 should easily incorporate this extension
(Will be done soon)

Next steps:

*More symmetry between the target (light) and the beam
*Various approaches for the beam spectators

(excitation energy at large impact parameters)
*Tests on complex systems (transport part with GEANT4)

Presented by: A. Boudard (CEA-IRFU/SPhN) Vienne 2009



