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Plasma Order 
Parameter for ICF 

(PB11) 

Parameters Value

Ion Temperature in 
a Dilute plasma 
Ion Temperature in 
a Dense plasma
Electron Density 
(ne)
Ion Density (ni)
nB/nP
Alpha Particle 
Energy in PB 
plasma (Eα)

150 ≲ Ti ≲ 400 keV 

150 ≲ Ti ≲ 440 keV 
(Depends on Z) 
(1028- 1033 ) e/m³

Similar to ne
≤1
2.9 MeV

Finding the parameter range for 
the proton-boron fuel ignition for 

best gain 

Challenges 

Ghorbanpour, E., & Belloni, F. (2024). On 
the ignition of H11B fusion fuel"





Examples of values of density and temperature for the ICF cases
with respect to the interaction between the projectile beam and the 
target plasma, the response regime is still linear � < � and the 
perturbation is weak and confined within a De-Broglie length � ≪ �
The coupling between the charged particles is weak enough (their 
kinetic energy dominates over their potential energy) for the target 
plasma to be still considered an ideal plasma (� < �, �)
Pauli exclusion rule’s effects on the target e’s are negligible enough 
(their kinetic energy dominates over their Fermi energy) for the target 
plasma to be defined non-degenerate, obeying a classical Maxwell- 
Boltzmann statistics Θ ≫ �

The projectile beam moves in an low regime with respect to the target 
electrons �X G ≪ �X G and in a intermediate with respect to the target 
ions �X G ~ �X G
The long-range collective effects are more significant than the short-
range binary collisions, in the interactions between the alpha particles
and the target ions more than in the interactions between the alpha
particles and the target electrons (�X GG, �X GG > �); this implies 
relatively small collision frequencies �GG, �GG (with respect to the 
oscillation frequencies �G, �G).





Plasma Order 
Parameter for ICF 

(PB11) 

Ion-plasma interaction 
within the Geant4 

toolkit

Parameters Value

Ion Temperature in 
a Dilute plasma 
Ion Temperature in 
a Dense plasma
Electron Density 
(ne)
Ion Density (ni)
nB/nP
Alpha Particle 
Energy in PB 
plasma (Eα)

230 ≲ Ti ≲ 400 keV 

200 ≲ Ti ≲ 440 keV 
(Depends on s) 
(1028- 1033 ) e/m³

Similar to ne
≤1
2.9 MeV

Novel Single Scattering/Modified 
Li-Petrasso Model

Parameters Value

Temperature (T)
Electron Density (ne)
Ion Density (ni)
nD/nT
Alpha Particle Energy

(0.5 - 1) MeV
(1024- 1032 ) e/m³
Similar to ne
≤1
[0.1 - 10 ] MeV

1. Physics List
2. Reaction Model
3. Simulation Setup 

(Geometry, 
Primary 
Generator Action, 
Sensitive 
Detectors)

4. Analyzing Results

Finding the parameter range for 
the proton-boron fuel ignition for 

best gain 

Challenges 

plasma temperature in Geant4 

1. Integration of custom model
2. Integration Messenger Class
3. Setting of Physics List
4. Run Macro file

  

Monte Carlo (MC) 
Simulations: (Selection of 

Suitable Model for Testing)

Ghorbanpour, E., & Belloni, F. (2024). On 
the ignition of H11B fusion fuel

Zylstra, A. B., Rinderknecht, H. G., Frenje, J. A., Li, C. 
K., & Petrasso, R. D. (2019).
Du, B., Kang, D., Zou, S., Liu, C., Deng, L., Ge, F., & Zhu, S. (2024). 



Model Comparison for Geant4 Suitability

Goal Implementing Custom Charged-Particle Stopping Power Model into Geant4

Challenge Geant4's standard Electromagnetic (EM) physics models are designed for cold, bound matter. In a 
hot fusion plasma, the target electrons are free (fully ionized), requiring a custom energy loss 
calculation (dx/dE).

Solution We must override the default Geant4 EM physics by implementing a custom model based on 
plasma stopping power theory for (dE/dx) to account for plasma effects.

Required 
System &
Environment

Model the transport of charged particles (e.g., 4He,  1H) through p-11B plasma, the environment 
required Hot, Dense Plasma (T≥200 keV,ρ≈100 g/cm3)

Feature Modified Li-Petrasso (MLP) Model Single Scattering Model (NSSM)

Nature Stopping Power Theory (Continuous 
Energy Loss, dE/dx).

Full Monte Carlo Transport (models individual 
collisions).

Geant4 
Integration

EASY: Integrates by overriding the 
G4VContinuousProcess or generating 
custom dE/dx tables.

COMPLEX: Explicitly "abandons the stopping-power". 
Requires custom G4VDiscreteProcess and potentially 
deep modification of tracking logic to account for 
every single scattering event.

Advantage Simplicity & Speed: Computationally 
efficient and the standard way to 
introduce custom dE/dx physics in Geant4. 
Includes both binary and collective effects.

High Accuracy: Models the non-Maxwellian response 
of the target plasma, which is critical for accurate 
fusion reactivity calculations.  (Hassan, A.; Cirrone, P. 
G.,Evaluation of Charged-Particle Stopping Models for Fusion 
Plasmas, 2026)

Starting 
Option

1. Start with the Modified Li–Petrasso (MLP) implementation in Geant4. 
2.Then add the Novel Single-Scattering Model (NSSM) as a second, for High Accuracy.



Expected 
Results 

(a). At Ti = 0.1 keV, MLP predicts up to ∼15% 
higher stopping in the Bragg peak region (0.5 MeV 
to 3 MeV) compared to NSSM, and approximately 
agrees to within (3.1 MeV to 20 MeV).

(b). At Ti = 200 keV, MLP predicts up to ∼10% higher 
stopping region (�∝> 2 MeV) compared to NSSM, and 
relative decrease and approximately agrees when �∝ 
increases �∝> 20 MeV.

Validation 
Steps

The crucial step is verifying the simulation results against theory.
Analytical Check: Compare the DEDX calculated by ComputeDEDXPerVolume() with tables derived from the 
full MLP/NSS analytical models.
Parameter Sweep: Ensure the simulation correctly reflects changes in particle range when T and ρ are varied.
1. Zylstra, A. B., Rinderknecht, H. G., Frenje, J. A., Li, C. K., & Petrasso, R. D. (2019). Modified parameterization of the Li-

Petrasso charged-particle stopping power theory. Physics of Plasmas, 26(12).
2. Hassan, A.; Cirrone, P. G.,Evaluation of Charged-Particle Stopping Models for Fusion Plasmas, 2026
3. Du, B., Kang, D., Zou, S., Liu, C., Deng, L., Ge, F., ... & Zhu, S. (2024). Modeling of the non-Maxwellian response of DT 

plasmas to alpha particle transport in inertial confinement fusion (ICF) hotspot. Physics of Plasmas, 31(1).




