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Simulation of Energetic Ions and Clusters through Solids

SEICS code
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Linear response of electron gas to electric field

Electronic cross sections: Dielectric formalism

Energy transfer

Momentum transfer

Projectile energy

Projectile atomic number

Projectile mass

Electron mass

Density of scatterers

I Abril, R Garcia-Molina, P de Vera, I Kyriakou and D Emfietzoglou, Adv Quant Chem 65 (2013) 129
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Projectile description:

•Velocity and mass (kinetic energy)

•Charge state and electronic structure (ions)

•Indistinguishability and exchange (electrons)
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Target description:

Electronic excitation

spectrum (ELF)
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Electronic cross sections: Dielectric formalism

R Garcia-Molina, I Abril, S Heredia-Avalos, 
I Kyriakou and D Emfietzoglou, Phys Med

Biol 56 (2011) 6475

S. Limandri et al., Phys. Rev. E 
89 (2014) 022703
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Advantages:

- If the ELF is accurately known (either experimentally or theoretically) for a

target, its electronic excitations are realistically accounted for, including

many-body, chemical bonding and physical state effects

- It can be applied to several projectiles (protons, carbon ions, electrons,…)

Electronic cross sections: Dielectric formalism

R Garcia-Molina, I Abril, S Heredia-Avalos, 
I Kyriakou and D Emfietzoglou, Phys Med

Biol 56 (2011) 6475

S. Limandri et al., Phys. Rev. E 
89 (2014) 022703
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• ICRU: I=106 eV 

Our approach to stopping power in bone

Element % mass

C 14.43

H 4.72

O 44.61

N 4.20

P 0.32

S 10.50

Ca 20.99
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Bragg peaks and range in liquid water

P de Vera, I Abril and
R Garcia-Molina, Radiation
Research 190 (2018) 282
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Bragg peaks and range in liquid water

P de Vera, I Abril and
R Garcia-Molina, Radiation
Research 190 (2018) 282

Our code works
properly in water
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Bragg peaks in cortical bone

V.N. Vasiliev et al., arxiV.org (2010).
https://doi.org/10.48550/arXiv.1005.4389 
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Bragg peaks in cortical bone

Nice agreement

V.N. Vasiliev et al., arxiV.org (2010).
https://doi.org/10.48550/arXiv.1005.4389 
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Bragg peaks and range in cortical bone

Compatible results:
1.2% difference

A.L. Burin, I.S.L. Branco and H
Yoriyaz, Radiat. Phys. Chem.
203 (2023) 110606
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Bragg peaks and range in cortical bone

Compatible results:
1.2% difference

What about WER?

A.L. Burin, I.S.L. Branco and H
Yoriyaz, Radiat. Phys. Chem.
203 (2023) 110606
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Water Equivalent Ratios in cortical bone

A.L. Burin, I.S.L. Branco and H
Yoriyaz, Radiat. Phys. Chem.
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Water Equivalent Ratios in cortical bone

Range

A.L. Burin, I.S.L. Branco and H
Yoriyaz, Radiat. Phys. Chem.
203 (2023) 110606
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Water Equivalent Ratios in cortical bone

Range

A.L. Burin, I.S.L. Branco and H
Yoriyaz, Radiat. Phys. Chem.
203 (2023) 110606

Quite good
agreement.
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Water Equivalent Ratios in cortical bone

ρ=1.85 g/cm3

ρ=1.92 g/cm3

ρ=1.85 g/cm3, 
I=106 eV

ρ=1.85 g/cm3, I=114 eV

Range

A.L. Burin, I.S.L. Branco and H
Yoriyaz, Radiat. Phys. Chem.
203 (2023) 110606

Quite good
agreement.
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• Protontherapy: a way to enhance cancer treatment
– Millimetric precision is preferable

• Monte Carlo simulations for increasing knowledge and 
develop enhancements:
– Dielectric formalism

– SEICS code

– A solid-state physics based model for bone stopping power and 
straggling

• Results for cortical bone: 
– Nice agreement with experimental measurements

– Range: compatible results ~ 1 mm uncertainties

– Water equivalent ratios: nice agreement

Summary, conclusions and outlook
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Ministerio de Ciencia, Innovación y Universidades:
Project PID2021-122866NB-I00 (2022-2025) 

“Nanoscale Biodamage induced by Swift Ions: towards a detailed Modelling and Simulation”

Fundación Séneca (Región de Murcia):
Project 22081/PI/22 (2023-2025)

“Energetic Particles Against Cancer: Detailed Simulations For A Better Use”

Thank you very much 
for your attention!
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Stopping power of protons in hydroxyapatite

S. Limandri et al., Phys. Rev. E 89 (2014) 022703

Quite good
agreement.
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