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Abstract

The study of low energy electrons (0-300 eV) and especially secondary electrons (typically < 50 eV) are of technical
importance in many areas such as Scanning Electron Microscopes [1], spacecraft charging [2], the electron cloud effect in
particle accelerators [3] and in radiological/medical studies [4]. Typically, the interaction of particles with matter are studied
using Monte Carlo methods such as CASINO [5] or at higher energies Geant4 [6]. However, most such studies do not also
include an electric or magnetic field particularly when that field is non-uniform. 
We have explored the use of COMSOL Multiphysics® (using AC/DC Module and Particle Tracing Module) in combination
with some code that uses the Geant4 library to study the interaction of low energy electrons with matter in a Scanning Field
Emission Microscope (SFEM) [7]. Electrons are field emitted from a sharp Tungsten tip and strike the sample surface with
an energy of a few 10´s of eV. The electrons may then excite secondary electrons in the surface or may simply "bounce" off
the surface due to Quantum Mechanical effects [8]. The electrons that emerge into the vacuum will again feel the electric
field from the tip and be forced back down on to the surface (see Fig 1). 

The electrons that interact with the material use a Monte Carlo code to simulate the elastic and inelastic scattering that the
electrons undergo. In the case of SFEM, it is important to understand where the electrons of certain energy ranges originate,
so that the spatial resolution of SFEM can be understood.
Although Geant4 can simulate particles in electric and magnetic fields, it cannot generate those fields and they need to be
imported from other software. COMSOL Multiphysics® can be used for this, but ensuring that the field is correctly simulated
is a challenge in Geant4 when the field varies significantly over small spatial distances (in our case nm), but the simulation
needs to be carried out over a relatively large distance (in our case up to mm). The Monte Carlo simulation could be carried
out purely in MATLAB® and connected to COMSOL Multiphysics® via the LiveLink™ for MATLAB®, but this would require a
lot of new code to be written and the Geant4 Monte Carlo code already exists and is written in C++ (so it´s fast).
We explore the different options of combining COMSOL Multiphysics® with Geant4 and the pros and cons of each and
show some initial results.
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Figure 1 : Figure 1. Electrons of energy 10 eV bouncing in the field between field emission tip and sample surface.
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