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ABSTRACT
Monte Carlo simulations utilizing the MCNP6 transport
code have been made for electrons incident onto a
Kapton slab with energies between 25 keV and 2.5
MeV. The resulting energy and charge deposition
profiles for both normal and isotropic incidence were
compared and an algorithm for transforming these
profiles between normal and isotropic incidence was
developed.
The algorithm was tested and produced
isotropic profiles from beam profiles that agreed to
within 10% of simulated Monte Carlo profiles. Such an
algorithm will allow for quick reproduction of realistic
space-like electron environment charging profiles from
laboratory results which primarily use electron beams.

1.

INTRODUCTION

At the most fundamental level, understanding the deepdielectric charging that occurs in spacecraft dielectrics
requires knowledge of where high-energy incident
electrons deposit their energy and charge. Deposition
profiles, particularly of energy, have been discussed in
the literature for a long time. The most widely used
energy deposition algorithm dates to 1974 [1], but was
updated in 1998 [2]. That energy algorithm was
improved and extended in 2008 [3]. Work on charge
deposition has proceeded more slowly, with the first
algorithms being produced in 1994 [4] and 1995 [5].
Recently, significant work [6] has been done on refining
these algorithms for the purpose of writing codes such
as NUMIT [6] [7] [8], which model deep-dielectric
charging.
Unfortunately, virtually all the algorithms to date have
been developed for normal incidence. Therefore,
because isotropic incidence more closely approximates
the complex space environment, modelers of deepdielectric charging and the resulting transport of charge
within the dielectric have attempted to adapt these
algorithms for normal electron-beam incidence to the
case of isotropic electron incidence (e.g., [8]). Only
recently [9] [10] have efforts been made to develop an
algorithm based on Monte Carlo simulations that is
explicitly designed for isotropic electron incidence.

In recent years, there has been a focus on
experimentally determining deposition profiles by the
use of Pulsed Electro-Acoustics (PEA). Some examples
are [11] [12] [13] [14], and the work is ongoing. Such
experiments, however, rely on normal electron beam
incidence. Without a method of translating the results
of such experiments to an electron incidence that more
closely approximates the realistic space environment,
the value of these experimental results will be limited.
Based on a very small set of Monte Carlo simulations,
Frederickson and Brautigam [15] noticed that it is
possible, at least for limited cases, to approximate
isotropic deposition profiles by finding appropriate
ratios between normal beam incidence and isotropic
incidence deposition profiles. Davis et al. have utilized
this method [16] in the limited case explored by
Frederickson and Brautigam. We have explored further
cases, particularly for Kapton, over a large range of
incident energies. It appears that the ratio approach has
significant merit. It could provide a pathway for
applying experimentally determined depth profiles to a
better understanding of spacecraft charging.

2.

ALGORITHM FOR ENERGY DEPOSITION

MCNP6 Monte Carlo simulations of electron deposition
into a thick Kapton slab were run for mono-energetic
beams and point sources at various energies from 25
keV to 2.5 MeV. The point sources approximate
isotropic incidence in space-like conditions as shown by
Barton et al. [9] Once the simulations were run the
profiles for both energy and charge deposited into layers
of equal thickness were obtained for each incident
energy and compared. The deposition profiles for the
two source types had very similar proportions at the
different energies, see Figs. 1 and 2.
This similarity in relative profiles across incident
energies suggests that a simple relationship might be
found between the two types of profiles. Such an
algorithm would allow rapid creation of an isotropic
profile from a beam profile or vice versa, without using
experimental data or lengthy Monte Carlo simulations.
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Figure 1: Electron energy deposition profile, 200 keV
To develop the algorithm, the ratio of the energies
deposited for each profile was tabulated for depths equal
to evenly spaced fractions of the peak energy deposition
depth of the beam profile. Then these ratios were
compared across the different simulated energies.
From Fig. 3 we can see two distinct groupings; a lowenergy grouping of the 100 keV and lower-energy
simulations, and a tighter grouping of the simulations at
200 keV and above.
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Figure 2: Electron energy deposition profile, 700 keV
The “noise” in the portion of the profile ratios above
200% depth we believe is due to the granularity of the
simulation in the tails and is excluded from the
calculations going forward. However, it is interesting to
note that [15] showed a similar result in the tail for
deposition in aluminum.
With the knowledge gained by examining the profiles
we can obtain an average ratio and use that to predict an
isotropic profile from a beam profile. For the average
ratio we will combine the energies 200 keV and above
and use a separate average for the ratios below 200 keV.
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Figure 3: Energy Deposition Profile Ratios
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TABLE 1: AVERAGE ENERGY PROFILE RATIOS
Average Ratio
(E => 200 keV)
1.9299

Average Ratio
(E < 200 keV)
1.9886
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1.1395

80
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0.8269
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0.7763
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0.6982

0.4651
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0.3458
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Figure 5: Energy profiles for 1500 keV
Using the averages from Tab. 1 we can now predict an
energy profile for an isotropic source from a beam
profile. In Figs. 4 and 5 we have done this for beam
energies of 500 and 1500 keV. Then actual MC
simulations were run for the isotropic cases and
compared to the predictions.

A similar prediction was made for deposition profiles at
35 keV using the low-energy average ratio. It too had
very good agreement with the actual profile for the
isotropic source, as seen in Fig. 6.
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Figure 4: Energy profiles for 500 keV
As seen in Figs. 4 and 5 there is remarkably good
agreement between the predicted results and the actual
simulation, although there are slightly larger differences
in the 1500 keV plot.

3.

ALGORITHM FOR CHARGE DEPOSITION

Now we graph the profiles for the charge deposited
(Figs. 7 and 8), and as with the energy profiles we see
similar proportions for the profiles at different energies.
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Figure 7: Charge Fraction profiles for 400 keV

Figure 8: Charge Fraction profiles for 1000 keV

We now compare these ratios of the charge
deposition profiles at different energies, but we run into
a problem due to the crossover from positive to negative
charging at very shallow depths. This causes instability
in the ratio at these depths because of the division by
numbers close to zero. To avoid this problem the
charge fraction values are shifted away from zero by
adding one to the profile at every point. This eliminates
the instability at the shallow depths and then the ratios
are compared over several energies as done previously
with the energy deposition ratios (Fig. 9).

Here too there appear to be two groupings with the
low energy ratios (100 keV and below) being
significantly different than the high energy ratios,
although the groupings are less distinct than for the
energy deposition ratios. The average ratios are once
again separated into high-E and low-E portions as
shown in Tab. 2. Then using these average ratios we
made predictions of the charge deposition profiles for
isotropic incidence for 500 keV and 1500 keV incident
electrons (Figs. 10 and 11).
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TABLE 2: AVERAGE CHARGE FRACTION
PROFILE RATIOS
Average Ratio
(E < 200 keV)
0.9972
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1.0015
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0.9999

180

1.0000

1.0000

At 1500 keV we see very good agreement with
generally less than 10% difference between the
predicted and actual points (Fig. 10), however for 500
keV there is substantially more difference (Fig. 11).
The peaks do not line up and on average there is about
20% difference between the prediction and the
simulation. This is still fairly good agreement, but why
this difference appears here is a bit of a puzzle.
Examining the shifted charge profile ratios at 500 keV
shows large differences from both the low-energy and
high-energy average profile; however, other energies
tried have closer agreement. More work needs to be
done to understand the variation of the simulated charge
profile from the prediction at energies near 500 keV.
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Figure 11: Charge fraction profiles for 500 keV
A prediction using the average low-energy profile
was made for charge deposition from a 35 keV beam
(Fig. 12). The results are quite good, with an average of
about 10% difference between the prediction and the
Monte Carlo simulation except for in the tail. The
match between the prediction and the simulation is
much better here than for the case at 500 keV,
particularly in matching the peak of the profile.
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Figure 10: Charge fraction profiles for 1500 keV

CONCLUSION

An algorithm for transforming energy and charge
deposition profiles by beam sources into isotropic
source profiles has been developed and works well.
Predicted energy profiles are nearly the same as the
actual simulation results. There is more variance in the
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charge deposition profile results; nevertheless the
agreement is still quite good.
7.
Interestingly, the use of a scaling ratio works
consistently within a range of lower incident energies,
but a different scaling ratio is required at a higher range
of energies. More work remains to be done in exploring
the dependence on source particle energy and how the
low-energy and high-energy algorithms connect in the
region between 100 keV and 200 keV. It may be that
some type of interpolation between the low-energy and
high-energy ranges could be effective in improving the
algorithm. The reason for two different regimes is
puzzling, but there might be a clue here to the physics at
work. Perhaps the cause is the compound nature of
Kapton.
Doing comparable work on elemental
materials may either refute or provide some support for
that notion depending on whether a two-regime
algorithm is required.
In general, the dependence of the profiles on the target
material should be explored in the future. We have
performed some initial work with another material, and
it looks like a similar type of algorithm could be used.
If so, then the possibility arises of developing a more
general algorithm that would not require Monte Carlo
simulations for both beam and isotropic incidence.
Such an algorithm could potentially be used to take
experimental results for beam incidence and make
predictions for isotropic incidence.

5.
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