A new algorithm for the determination of energy and charge deposition
profiles in various materials resulting from isotropic electron incidence
Brian P. Beecken1, Shane B. Dirks1, Stephen W. Gronseth1, and David A. Barton2
1Department

of Physics, Bethel University, St Paul, MN, USA; 2Air Force Research Laboratory, Space Vehicles Directorate, Kirtland AFB, NM, USA

Abstract
An interpolative algorithm has been developed which produces energy and charge deposition profiles that result from isotropically incident electrons.
Monte Carlo simulations using the MCNP6 transport code have been made for electrons with 40.0 keV to 5.0 MeV kinetic energies incident on thick slabs
of materials with atomic numbers ranging from 6 to 47 and appropriate material densities. An electron point source near the surface of the target slab was
used to simulate isotropic incidence, allowing for the inclusion of backscatter and secondary electron emission in the simulation. The new interpolative
algorithm uses these specific Monte Carlo results to quickly produce energy and charge deposition profiles by scaling and interpolating the Monte Carlo
simulations to produce deposition profiles for other scenarios. The resulting profiles have been confirmed by further Monte Carlo simulations. The
algorithm should prove useful to modelers of deep-dielectric charging in realistic spacecraft environments.

Purpose and Method

The Monte Carlo Database

An Algorithm for Deposition Profiles of Isotropically Incident Electrons is needed

96 Deposition Profiles with MCNP6

• The study of deep-charging in dielectrics on spacecraft due to electron bombardment
requires knowing the depth at which incident electrons are deposited in various materials.
• Because of RIC, knowledge of the energy deposition profiles are also required for
modeling codes such as NUMIT.
• The most realistic approximation to incident electron flux in space is isotropic.
• Algorithms for deposition from isotropic incident flux do not exist.

A database for the Interpolative Algorithm was created
by running MC simulations of energy and charge
deposition for various materials:

///
• MCNP6 was used for simulation of isotropic incidence by utilizing a point source,
Monte Carlo Simulations for Isotropically Incident Electrons

following method of Barton et al. (IEEE Trans. Plasma Sci. 43(9), 2015)
• Simulations done for a variety of materials and incident energies, creating MC database.
Create an Interpolative Algorithm that utilizes Monte Carlo Simulation Database

Example of Monte Carlo Deposition Profiles:

• A new MC simulation for each scenario would be very time consuming.
• In the past, for normal incidence, curve fitting parameters
were found to create algorithms. (e.g., Tabata and Ito, Nuc.
Sci. Eng., 1974; Kim et al. 12th SCTC, 2012)

• We propose a new approach that utilizes scaling and
interpolation between profiles in MC database.

Results from Interpolative Algorithm

Verification of Algorithm

Interpolation of Depth, Density, and Atomic Number works Well
Our algorithm was built in MATLAB® and utilized its powerful interpolating function
griddatan to interpolate between the 96 deposition profiles created in MCNP6. For three of
the input parameters, griddatan worked well with reasonable results as shown above.

Different Incident Electron Energy requires Scaling and Interpolation
A straightforward use of griddatan to interpolate between different incident energies gives
unphysical double peaks, above left. Assuming peak depth scales linearly with incident
energy, bracketing depth profiles can be scaled to the unknown middle energy and then
interpolation works well as shown above right.

The interpolation algorithm was tried with several input
parameter values and predictions checked with MCNP.

