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ABSTRACT
Measured spectra from a selection of DMSP (Defense
Meteorological Satellite Program) observed charging
events were analyzed, with the goal of improving
modeling of auroral charging events. Each dataset was
examined for correlations between the chassis potential
and the measured fluxes. Chassis potential was found to
be correlated with both the median electron energy and
the net electron flux.
The background plasma density cannot be determined
directly from the measured spectra due to distortions
from charging and the variation in sensitivity with
incident particle energy across each energy channel.
Simulations using time-varying spectra show that the
chassis potential responds to even fairly subtle
environment changes on a millisecond time scale. As the
environment measurements take 1 second per spectrum,
the chassis potential can easily be changing, either
steadily or erratically, during that time. Once the
limitations of the measurements are accounted for, the
calculated chassis potential is in reasonable agreement
with the measured potential through the modeled
charging events.
1.

INTRODUCTION

We analyzed measured spectra from DMSP observed
charging events, with the goal of improving modeling of
auroral charging. The physical models needed to estimate
the magnitude and timescale of spacecraft surface
charging during auroral precipitation are embedded in
spacecraft charging software. However, standard
procedures and reliable worst case environments remain
to be developed. We modeled DMSP charging events,
comparing the measured chassis potential with the
calculated chassis potential, and looking for correlations
between the chassis potential and the measured fluxes.
Insights gained will help improve future simulations.
2.

DATASETS

On the DMSP F16 spacecraft, the SSIES (Special
Sensors-Ions, Electrons, and Scintillation) thermal
plasma analysis package measures the low energy ion
and electron spectra. The package consists of “a
Retarding Potential Analyzer (RPA), and Ion Drift meter

(IDM), a scintillation meter, and a Langmuir probe.”
These instruments “are all variants of Faraday cups
facing into the direction of travel of the spacecraft.” The
“instruments are electrically separated from the rest of
the spacecraft and a device called SENPOT (SENsor
POTential) continually adjusts the ground plane of these
instruments relative to the spacecraft’s potential to hold
them all at the plasma potential.”[1]
SENPOT is designed to correct for small positive chassis
potentials that occur in sunlight due to collection of
electrons by positively biased interconnects on the solar
array. It is unable to provide the appropriate reference
potential during a large negative charging event. Thus
density and temperature measurements during large
negative charging events do not directly reflect the
ambient plasma environment.
Measurements of the flux of high energy charged
particles are made with the SSJ/5 (Special Sensor J)
instrument. It is an electron and ion spectrometer and has
19 energy channels ranging in energy from 30 eV to
30 keV.
While four time periods were examined, here we focus
on two from the F16 spacecraft. Data from the period on
May 4, 2010 from 21:11 to 21:13 UT are shown in
Figure 1. Data from the period on June 13, 2013 from
00:37 to 00:45 UT are shown in Figure 2.
3.

SPECTRAL OBSERVATIONS

While much has been written about the DMSP
measurements, a few spectra illustrate the basic features
of importance to this study.
Figure 3 shows the integral ion and electron flux spectra
for 21:11:40 of the May 2010 dataset. The chassis
potential is determined by the energy channel in which
the ion count rate increases dramatically from almost
zero, which, in this case, is the bin centered about 65 V.
The chassis potential is therefore taken to be -65 V. The
large flux of 1 to 10 keV electrons shown in Figure 3 is
responsible for charging the spacecraft negative. In this
figure, the flattening of the integral electron spectrum
over the three highest energy channels suggests that there
are few electrons above 10 keV. The median electron
energy is 7 keV.
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Figure 1. DMSP F16 data for period on May, 4, 2010.

Figure 2. DMSP F16 data for period on June 13, 2013.
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Figure 4 shows integral ion and electron fluxes for five
seconds later, 21:11:45. Here the electron energy
spectrum extends beyond the maximum of the instrument
range (~35 keV), and its median energy is greater than
11 keV. Consequently, the spacecraft charges to about
200 V negative.

4.
CHASSIS POTENTIAL, NET FLUX, AND
LOW ENERGY PLASMA
The spacecraft chassis potential is determined from the
ion spectrum using a rudimentary algorithm. The
potential is taken to be the geometric average of the
energy channel edges of the lowest energy channel such
that the differential ion flux is 10 times the one-count
value and 10 times the flux to the next lowest energy
channel. Sometimes this automated procedure gives

Figure 5 shows integral ion and electron fluxes for a half
minute later at 21:12:22. Now the electron energies are
relatively low, with a median energy of 1.7 keV. The ion
spectrum rises gradually (broad differential spectrum), so
that it is difficult to assign a potential.
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Figure 6 shows the integral electron and ion fluxes for
00:41:23 of the June 2013 dataset. This case has a
particularly strong ion line at 440 V. The median electron
energy is 9.45 keV. The total ion flux is an order of
magnitude higher than those of Figure 3 and Figure 4.
Anomalously high ion flux is commonly observed in
spectra with strong ion lines.
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Figure 4. Integral ion and electron flux for 21:11:45
of the May 2010 dataset. Also shown is a fit to the
electron spectrum.
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Figure 6. Integral ion and electron flux for 00:41:23 of
the June 2013 dataset. Also shown is a fit to the
electron spectrum.
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Figure 3. Integral ion and electron flux for 21:11:40
of the May 2010 dataset. Also shown is a fit to the
electron spectrum.
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Figure 5. Integral ion and electron flux for 21:12:22
of the May 2010 dataset. Also shown is a fit to the
electron spectrum.
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For the 26 selected spectra from four datasets that were
examined in detail there is a rough correlation between
the measured potential and the median electron energy,
as shown in Figure 7.
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Figure 7. Correlation between median electron
energy and measured potential for selected data sets.
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Figure 8. Negative of chassis potential for May 2010
dataset (upper) and June 2013 dataset (lower).
chassis potentials more negative than -1 kV. As others
have reported that DMSP generally charges only a few
hundreds of volts, we have tentatively concluded that
these spectra require a more sophisticated procedure to
determine the potential and these spectra are ignored.
When the algorithm is unable to determine a potential,
1 V is returned. The resulting chassis potentials over time
for the two datasets are shown in Figure 8.
Figure 9 shows the net electron flux, the net ion flux and
their sum, the net flux, as a function of the negative of
the spacecraft potential. The net electron flux is the sum
of the negative of the incident electron flux and the
resulting secondary and backscattered fluxes. The net ion
flux is the sum of the incident ion flux and the resulting
secondary flux. These quantities are computed from the
measured fluxes [2]. The secondary electron flux due to
incident electrons and ions and the backscattered
electron flux are all computed from the incident fluxes
using the default material properties of Graphite in
Nascap-2k[3].
In Figure 9, the net electron flux trends somewhat more
negative with potential. The maximum net ion flux also
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Figure 9. Net electron, net ion, and net fluxes as a
function of the negative of the chassis potential for
May 2010 dataset (upper) and June 2013 dataset
(lower).
grows with potential, however, the minimum net ion
flux is near zero for all potentials. And finally, the net
flux values are unexpectedly large. As these are the
fluxes measured at the spacecraft, the true net flux must
be zero for current balance. As the measurements don’t
show this, there must be a missing contribution.
The algorithms used to interpret the SSJ/5 data assume
that the flux varies slowly with energy. Figure 10 shows
the response of selected channels as a function of energy
for the SSJ/4 (an earlier version of the SSJ/5). The low
energy ions all arrive with approximately the same
energy, say within 5 eV. If the ions are accelerated by a
44 V chassis potential, the relative response function in
the center of the 44 eV energy channel is near 1. If the
ions are accelerated by a 48 V chassis potential, the
relative response function is a few percent of that in the
center of the channel. Note that this channel is
responsible for ions with energy from 36.3 eV to 53.5 eV.
Thus the measured flux is highly dependent on the ratio
of the chassis potential to the center of the energy
channel. The measured ion flux cannot be used to
estimate the low energy plasma density.
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Figure 10. The Energy Dependent Geometric Factor,
G(E), Normalized to the Peak Geometric Factor,
G(E) peak Plotted as a Function of the Energy
Normalized to the Channel's Central Energy, This
figure shows channels 1, 2, 4, 6, 8, and 10 of detector
F10 measured at AFGL. Figure from Hardy, et al.,
1984.[4]
As the ion spectrum cannot be used to estimate the low
energy plasma density, other possible approaches were
considered. Under the assumption that the spacecraft is at
its equilibrium potential with zero net current, the
measured total electron flux and chassis potential can be
used to estimate the low energy plasma density. In the
orbit-motion-limited (OML) approximation, the mean
flux density to a sphere at negative potential φ from a
plasma of density n flowing with velocity v is given by
the expression
ion
Fincident
=

nv 
φ
1 −
4  Ek





Figure 11. Density necessary for current balance
compared with densities measured by SSIES for May
2010 dataset (upper) and June 2013 dataset (lower).

(1)

where Ek is the ion kinetic energy. The yield of
secondary electrons due to ion impact can be assumed to
be small. It follows that
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e
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(2)

The density values determined from this relation,
assuming Nascap-2k default graphite secondary and
backscattered yields, are shown in Figure 11.
During periods of significant spacecraft charging, the
density necessary for current balance ranges from 30 to
500 cm-3, with some excursions to higher and lower
values. The SSIES plasma density measurements are of
similar order of magnitude.

Figure 12. Geometric model of Nascap-2k for DMSP
simulations. (Solar array back surface is Graphite.)
5.

SIMULATIONS

The goal of this effort is to improve modeling of auroral
charging. Nascap-2k was used to simulate charging using
the measured spectra. The low resolution model of
DMSP [5, 6] used is shown in Figure 12.
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5.1

Time Dependence

We used Nascap-2k to explore how rapidly a DMSP-like
model would respond to small but rapid changes in the
environment. A simulation with three successive
environments was performed. The first (“Measured”)
environment is for 00:41:23 on June 13, 2013, shown in
Figure 6. The second (“Hot”) environment was generated
by increasing all the electron bin boundary energies by
ten percent and reducing the differential fluxes by ten
percent, so that the integrated flux in each bin (and the
total incident electron flux) remained approximately
constant. The Hot environment has lower secondary
electron yield and thus charges more negative. The third
(“Cool”) environment was generated by adjusting the
“Measured” environment in the opposite direction,
leading to higher secondary electron yield and a less
negative potential. The ion fluxes are those of the
Measured environment throughout the simulation period.
The spacecraft was exposed to each environment in
sequence for 0.002 seconds. Figure 13 shows the
charging currents and the spacecraft response, with
potentials that change more than 5 volts per millisecond.

6

spectra to simulate charging in a time-dependent auroral
environment.
For these simulations, all surfaces are assumed to have
the default material properties of Graphite. The ion flux
was selected to represent flowing oxygen plasma with
density of 80 cm-3 and velocity 7.4 × 105 cm-s-1. A
timestep of 0.1 seconds was used.
The results are shown in Figure 14. Positive potentials
appear as gaps. The potentials from the simulation are
remarkably similar to the measured values—particularly
given the assumed constant ion fluxes..
6.

CONCLUSIONS

We examined measured DMSP spectra for relations
between the environment fluxes and the chassis
potential. A rudimentary algorithm was used to identify
the potential from the ion spectrum. There are
correlations between the median electron energy and the
potential and between the net electron flux and the
potential.

Thus, the spacecraft potential can respond to even fairly
subtle environment changes on a millisecond time scale.
The DMSP measurements take place on the scale of 100
milliseconds per channel and one second per spectrum. It
is likely that the spacecraft potential is often changing,
either steadily or erratically, during that time.
5.2

Simulation of Charging Events

The measured electron spectra and an assumed low
energy ion spectrum were used in Nascap-2k to simulate
the May 2010 and June 2013 charging events, in order to
demonstrate the code’s ability to use measured electron

Figure 13. Charging currents (left scale) and potential
(right scale) as a function of time for sequential
exposure to the “Measured”, “Hot”, and “Cool”
environments.

Figure 14. Chassis potential from ion line (blue
diamonds) and computed by Nascap-2k (red line) for
May 2010 dataset (upper) and June 2013 dataset
(lower).
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Due to the variation in sensitivity of the SSJ/5 detectors
with the incident particle energy, the measured ion flux
cannot be used to estimate the low energy plasma
density. The electron and ion densities measured by
SSIES are also not reliable measures while the spacecraft
is significantly negatively charged. Based on our
understanding of these instruments, it appears that there
is no direct way to determine the background plasma
density. An ion density estimate can be determined from
the electron spectrum, the chassis potential, and current
balance. During the examined charging events, the ion
density consistent with current balance ranges from 30 to
500 cm-3, with some e xcursions to higher and lower
values.
The chassis potential can respond to even subtle
environment changes on a millisecond time scale. It is
likely that the spacecraft potential is in most cases
changing, either steadily or erratically, during
measurements. This changing potential needs to be taken
into account, particularly in interpreting the ion spectra.
Finally, simulations of the May 4, 2010 and June 13,
2013 charging events were performed. Nascap-2k was
able to use the measured electron spectra to simulate
charging in a time-dependent auroral environment. The
potentials from the simulation are remarkably similar to
the measured values—particularly given the assumption
of constant ion fluxes appropriate to an 80 cm-3 flowing
plasma.
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