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CHARGING POTENTIALS FOR TWO SAMPLE SETS
OF SPECTRA FROM DMSP SATELLITES

T. G. Barker
S-CUBED Division of Maxwell Laboratories, Inc.

1. INTRODUCTION

Katz. Mandell. Jongeward. and Gussenhoven (1986) discuss the importance of
accurately including the emission of secondary and backscattered electrons in the
calculations of flux balances that are used to predict the equilibrium potential of
satellites during intense electron precipitation. We have applied this concept to a
sequence of electron and ion flux spectra observed by DMSP satellites to determine
the levels of negative charging. if any. experienced by the satellites. The net electron
current (incident minus backscattered and secondary electrons) is a diagnostic quantity
that can be used to determine whether charging has occurred. Using simple models
of the satellite and ion collection, along with secondary and backscatter yields for the
" appropriate covering. one can quickly scan large amounts of data for charging events

and estimate the equilibrium potential.
2. METHODS OF ANALYSIS

Our approach is to compute the incident and net fluxes from the observed spectra,
assume an ion collection model, and then compute the potential. The observations
are treated as discretizations of a continuous flux, which are then numerically
integrated with respect to energy to find the total and net fluxes. The details of the
method and possible sources of error are discussed in Barker (1986). The method
described here is meant to be a tool for analyzing large quantities of data so the
techniques are simple and computationally fast. The calculations do not involve the
nonlinear, iterative schemes to solve for charging voltage that are used in other
S-CUBED charging programs but employ simple methods that perhaps sacrifice some
accuracy for speed. In the following. we describe these methods.
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2.1 Calculations of Currents

The electrons incident on a satellite generate secondary and backscatttered currents.
The net current for electrons impinging uniformly from all directions is found using
Lai. Gussenhoven, and Cohen (1983); Olsen (1983); and Katz, Parks, Mandell, Harvey,
Brownell, Wang, and Rotenberg (1977):

yglectron xeelj[1 - Y(E) - B(E)]®,, (E)dE

) (2.1)

Here, Y(E) and B(E) are the secondary and backscattered yields. ¢ (E) is the

observed electron spectrum, and e, is the charge of an electron. The functions are

determined numerically by the S-CL'JBED computer program, MATCHG. The code,
MATerial CHarGing, uses the sophisticated models of secondary electron emission and
backscatter developed for the NASCAP code (Katz [1978] and Katz [1986]) and
employed in the POLAR code (Lilley et al. [1985]). The integrals for net current are

performed numerically using tables of Y and B.

In principle, the ion current could be found in a similar fashion. For ions,

- backscattered yields are negligible, and

[ J
ion
Jnet = -ree|J[1 * Yion]“Pion(E)dE
o (2.2)

gives the ion current for the observed spectrum ¢i°n(E). The sign of the secondary
yield is positive because electrons are emitted rather than ions. It should also be
possible to infer the ambient ion density and temperature from Qion(E) and
experimental values of Yion' Secondary yields for metallic substances have recently
become available (Langley et al. [1984]) but not for materials such as teflon and
kapton. In addition, the energy of ambient ions are below the energy band of the
DMSP collectors (1 eV to 30 keV) and are not detected, so that ¢ion(E) is

incompletely determined.

2.2 Calculations of Yield Curves

The secondary and backscatter electron yields are dependent on the angular
distribution of the incident flux and the covering material (type and distribution on
the surface). Since the yield curves are not strongly affected by the distribution of

angles of incidence, and since there are no observations of incidence angles, we have
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assumed isotropy. The total flux estimated from the measured spectrum also depends
on the angular distribution of incident electrons. This affects the estimate through an
areal scale factor. We point out that if information becomes available indicating
anisotropy is important, then these effects could be readily included, especially since

MATCHG already computes yield curves for beamed electrons.

The covering material determines the proportions of secondary and backscattered
electrons. The "charge” program incorporates this by reading files written by
MATCHG listing yields as functions of energy for each material of interest. These
files are described in the manual, which constitutes the appendix of Barker (1986).
Details of the calculation of yield curves are given in Katz et al. (1977). |In the
interest of computational speed, a uniform surface covering is assumed and a 1-D
charge calculation is done. If the satellite has concave surfaces or coverings with
strong variations in backscattering properties, then a 3-D approach is warranted. The
success of Katz et al. (1986) in matching calculated charging voltages with DMSP
observations using a 1-D approach indicates that the assumption of uniform covering
is probably justified.

2.3 lon Collection Mechanism and Potential Calculations

Katz et al. (1986) showed that for the DMSP satellite, ion collection is orbit-limited;
so we have used this model for our study. Again, in the interest of computational
speed, we have made an approximation to the charging calculation by using only one
iteration for voltage. That is, the charging voltage V satisfies

Jion . Jelectron =0

net (2.3)
where
Jelectron _ T Y - B)(1 ! # (E)dE
electron . wee.j(l S Y- B0 - E
v (2.4)

and the ion current is computed using the orbit-limited mechanism. To find the
voltage V, one computes the net electron current with an initial lower limit E = 0,
then finds the voltage that gives an ion current satisfying (2.3). This voltage is then
used to compute the lower limit for (2.4), and the processed is repeated until
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convergence. For this study, we have performed only the first iteration. This is valid

as long as the charging voltages are small compared to the electron energies.
3. OBSERVATIONS

The Air Force Geophysics Laboratory has supplied two data sets that are sequences
of electron and ion differential flux spectra from two DMSP satellites, F6 and F7.
The obseivations span different time periods, 44,100 to 44,160 and 1,740 to 1,836,
and are spaced at 2-second intervals. The DMSP collectors and their calibrations are
described in Hardy et al. (1984). The detectors sample the flux spectrum at 20
energies whose logarithms are spaced at equal intervals between 1 eV and 30 keV.
The spectral values in the data files provided to us were in the form of differential
fluxes, having been converted from digital counts using the geometrical factors
described by Hardy et al. (1984).

Numerous flux values in the data set are identically zero. We note that flux values
at energies adjacent to the ones that are zero are well above the least count level,

indicating that the zeroes are not due to fack of resolution in digitization. We have
" assumed that zero data are the result of problems in recording or transmission. For
the purposes of our analyses, we have replaced zero values by interpolating between

nonzero values.
4. RESULTS OF ANALYSES

The objectives of this study are to develop a computational tool which can scan a

large number of spectra for events that charge and to predict the charging level. To
satisfy the first task, we require a feature of the data that is diagnostic of charging,
and which can be extracted from the data using an automatic procedure that requires

no intervention by the analyst.

DeForest (1972) has shown that charging events have increased flux levels at high
energies and a cutoff energy ( = ee|V ) below which there is no ion flux, indicating
that ions are being accelerated towards the detector as a result of the charging and
that only ions generated within the sheath would enter the detector with energy less
than the cutoff. We propose here another method that uses the net electron current,
as computed by Equation (2.1). This method is simple and readily automated.
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Consider the orbit limited ion collection model for which the potential satisifies

Jelectron
V=TS—Q§-§.—+1
jJion
net (4.1)

where for typical low earth and polar orbits, TS = 5 Volts and

ion _ 1

==n. e ,v
net 4 lon el sat (4.2)

. is the satellite velocity (" 8 km/sec). The

Here, Mon is the ion density and Ve
charging condition of interest is when V in (4.1) is negative. Since J"‘:: is positive

(backscatter and secondaries for ions are negligible), this requires that J::Ctm" b
negative and greater than J:‘:" in absolute value. An initial screening of the data can

electron

be achieved without knowledge of J:‘:'t‘ by looking for negative values of Jmzt

As can be seen in {2.1), J:l:mo" depends not only on the electron flux spectrum but
on its product with 1 - Y(E) - B(E), the net differential flux at energy E integrated
over the energy band. Fig. 4.1 shows the functions Y(E), B(E), and 1 - Y - B for
teflon and kapton, respectively. The main body of the satellite has surfaces which

~are primarily teflon or kapton. The function 1 - Y - B decreases sharply from zero

1-Y-B for kopoton and teflon

e i -

0 5 10 15 20 25 30
Enerqgy (kev)

Fig. 4.1 The function 1 - Y(E) - B(E), the relative electron flux weighting
function, is shown for two covering materials, teflon and kapton.
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to a peak negative value at a low energy, then increases through zero and levels out
at high energies. The most important difference between the curves for the two
materials for the purposes of this study is the energy at which the function crosses
zero; about 3 keV for kapton and 12 keV for teflon. In order that J::cm" be
negative, or equivalently, that the integral

I=1J[1-Y(E - B(E)]‘be'(e)dE
0 (4.3)

be positive (ee| < 0), the spectrum must be small at low energies (where
1-Y - B < 0) and large at high energies. Thus, the inverted V spectrum is often
associated with charging conditions.

electron
net .
teflon and kapton. Fig. 4.2 and 4.3 show J::Ct °" for the time period 1,740 to

1,836: and Fig. 4.4 and 4.5 show it for 44,100 to 44,160. For both surface

We have computed J for the two data sets of the surface covering materials

2.30€-08

2.00€-08}

:
8

1.00E-08 F

Current Density (omps / m? )

$.00E-09

o} —————— . -

1740 1760 1780 1800 1820 1840
Time

Fig. 4.2 The net electron current density for the period 1,740 to 1,836 of a
uniform surface covering of teflon.

::“"’“ is always positive for the period 1,740 to 1,836, indicating that the

satellite did not charge during this period. This is also true for the other time period
(44,100 to 44,160) for teflon but rnt for kapton. As can be seen in Fig. 4.5,
Jelectron . negative from 44,114 to 44,124, For these events we can compute a

net
charging potential.

coverings, J
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3.00€-08}
E 2.50e-08}
~
g
3
S 2.00E-08F
Q 1 S0E-08F
3
9 1 ocE-o8} \J
$.00E-09
0 ~————— _ —_———
1740 1760 1780 18‘OO 1 8L20 1 8“0
Time
Fig. 4.3 The net electron current density for the period 1,740 to 1.836 of a

uniform surface covering of kapton.

2.00E-06 1

1.50E-08

1.00E-081

Current Density (omps / m? )

3.00E-07}
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Fig. 4.4 The net electron current density for the period 44,100 to 44,160 of a
uniform surface covering of teflon.
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3.00E-07 r /
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i
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Fig. 4.5 The net electron current density for the period 44,100 to 44,160 of a
uniform surface covering of kapton.

Assuming that ion collection is orbit-limited, we may use (4.1) and (4.2} to find the
potential. These equations require the ion density o which is sometimes known
from independent measurements on the satellite but was not available for these data
sets. We have calculated the voltage for three values of Meon with a low, high, and
mean value. The results are given in Table 4.1.

Table 4.1  Charging potentials (volts) for three values of ion density
lon Density (1/m3)

Time 106 107 108
44,114 284.1 23.9 2.1
44.116 65.5 2.0 4.3
44,118 794.2 74.9 3.0
44.120 355.5 31.0 1.4
44,122 466.9 42.2 0.3
44.124 1,209.8 116.5 71

Note: No charging is found for ion densities > = 10° /m3
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time 44106
’ * 20E+09
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Fig. 4.6 The observed differential flux spectrum at time 44,106, a noncharging
event, is shown. Asterisks (*) indicate data values.
time 44124
2.00£+09 F
3
< 1.50E+09 |
L]
3
3
-
2 1.00E+09
3
3
z
3
.|
£ 5.006+08
[=}
0. 3 X
R 0 10000 20000 30000
Energy (ev)
Fig. 4.7 The observed differential flux spectrum at time 44,124, a charging event,

is shown. Asterisks (*) indicate data values.
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In Fig. 4.6 and 4.7, we show two electron spectra. The first, at time 44,106, is
before the charging episode identified above; and the second, at time 44,124, is during
the episode. The spectra are similar in that both have peaks in the high energy part
of the spectrum. However, the peak in the charging spectrum is at 6.5 keV, while
the noncharging spectrum is at 2 keV. Table 4.2, which lists the amplitudes of
peaks and the energies at which they occur for times before, during, and after the
episode, show that the peaks are consistently above 2 keV for the charging events
and below this level for noncharging events. The correspondence between charging

and the amplitude of the peaks is not clear, as seen in the table.

Table 4.2 Energies and amplitudes of peaks in electron spectra

Time Energy Amplitude Charge ?
(keV) 1.e9/(m2 s str eV)
44,106 2 1.2 no
44,108 2 1.3 no
44,110 2 1.8 no
44,112 3 14 yes
44,114 4.4 2.6 yes
44,116 4.4 1.9 yes
44,118 4.4 2.4 yes
44,120 4.4 21 yes
44,122 4.4 15 yes
44,124 6.5 21 yes
44,126 2 - 1.3 no
44,128 1.4 2.4 no
44,130 1.4 1.4 no

Katz, Mandell, Jongeward, and Gussenhoven (1986) suggest that large values of the

quantities Eu per and Edmgi“g are correlated with charging. They and Lai et al.
(1983) define Eupper as the energy below which there is no net current, or

E

upper

[I1 - Y(E) - B(E)]4,, (E)dE = O
o]

The quantity E is the average energy of charging electrons:

charging

E J[1 - Y(E) - B(E)]Ebel(E)dE

E = —upper

charging ®
g J[1 - Y(E) - B(E)]¢,, (E)dE
upper
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For the spectra in the charging episode, using the kapton yield curves, the values of
E are 6 - 7 keV and E . are 7 - 8 keV. These values are about the same
upper charging

as the energy of the peak in the inverted V spectra for the highest charging event.

The next step is to compare the voltages computed and listed in Table 4.1 with
other measurements made at the time to see whether they agree, especially if ion
density data become available. The correct potentials for the period 44,100 to 44,160
probably lie somewhere between our results for teflon and kapton. This should be
resolved and the method should be tested on a more extensive data set.
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