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ABSTRACT

This paper aims at defining a series of severengas
environments in terms of spacecraft surface chgriin
middle Earth orbit especially for the Global Natiga
Satellite System. As few low energy plasma monitors
are flying in this region of the radiation belts,
measurements done at geostationary orbit are
extrapolated by numerical simulation. Three criteaie
used to select the electron spectra: large spédtecra
absolute potential, high electron fluxes at all rgies,

and high electron fluxes except at high energythis
paper, we will present a physical model to extrafel
these severe environments measured in GEO to MEO
using the Inner Magnetosphere Particle Transpodt an
Acceleration model program. In addition, we analyze
the 30 keV electron measurements of the POES igatell
in LEO to provide a qualitative countermeasure*abL

6 and 4.5.

1. INTRODUCTION

Spacecraft charging is impacted by electrons and
protons of low to medium energy, typically in trenge
between a few keV to some hundreds of keV. Assgssin
charging levels by numerical simulation becomes
possible thorough the availability of more and more
software tools and their cross-comparison. This was
especially done under GEO worst-case environments
([2], [21, 31, [4]) known to be responsible for apecraft
power losses. This approach depends on our abdlity
predict the ambient plasma conditions encountened i
orbit. In recent decades, many instruments have bee
flown and have measured low energy electron and
proton distributions (GOES, POES, CRRES,
CLUSTER, etc...) but only a few of them cross the
MEO orbit and the Global Positioning System dat ar
not publicly available. A recent paper dealing witan
Allen Probe potential measurements showed thatgtro
negative charging occurred primarily at high Lsthe
post-midnight sector [5]. This strong negative diiag
(some hundreds of volts) above L > 3 occurred while
the spacecraft was not in eclipse which is sunpgisi

since the RBSP spacecraft is totally conductivesrEeid

the charging levels are lower than non-conducting
spacecraft at GEO (SCATHA suffered a -8 kV in 1979)
one can conclude that conductive spacecraft ae tabl
charge negative under certain conditions. A feweoth
plasma measurements are available at MEO on Themis
but globally, this area is much more unknown th&0G
and LEO in terms of low energy patrticle fluxes.

This paper presents a complementary approach
consisting in modelling the low energy population
dynamics inside the radiation belts, using GEO
spacecraft measurements as input and LEO instrgment
as additional information for results analysisskttion

2, we discuss the method used to obtain the spatecr
potential from the flight data in GEO. In sectionvée
select one severe environment that was measured in
GEO on January 02, 2005 and analyse corresponding
LEO observations. Section 4 describes the simulaifo

the low energy electron dynamics within the radiati
belts during that day, especially at MEO.

2. SELECTION OF SEVERE GEO
ENVIRONMENTS

Several worst-case environments have been proposed
for GEO surface charging ([1]-[4]). In this work we
focus on some of them, extracted from [4] and otati
from the Los Alamos National Laboratory (LANL)
spacecraft equipped with electron detectors between
lkeV and a few MeV as well as low energy ion
detectors used to estimate the spacecraft negative
potential.

The spacecraft potential is a mean to assess ske ri
associated to electron and proton spectra. It hewev
distorts the distribution functions so measuremeetx
some corrections. The spacecraft potential is pbthi
with the electron saturation flux at low energiesew

the spacecraft is positive (recollection of phototlons
and/or secondary electrons). When the spacecraft is
negative, which is the most dangerous situation
considered in this paper, the proton peak flux gper
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can be used, as done for instance in [5]. LANL data
post processed following a different approach bseau
the proton peak is not always visible, probably tue
pollution of low energy channels by energetic et
during large events or less probably by secondary
electrons. The method described in [6]-[7] assuares
empirical and analytical relation between the alisol
spacecraft potential and the moments of the digioh
functions. The two methods generally agree.
Discrepancies however occur when dealing with some
charging events, see Fig.1 where large potentaisbe
given by a method and not by the other. This kifid o
differences is always observed when using two wiffe
instruments for measuring the same quantity [5] or
when two methods are used to extract the same
information from a dataset. This is visible on tiog
100 environments associated to the highest fluzllat
energies (HFAE) criterion, where potentials of -K\D

are exceeded with the moment method while the proto
peak gives a maximum of -3kV. The top 100
environments associated to the low flux at highrgies
(LFHE) and high flux at low energy criterion exhgbi
also a large dispersion. Several potentials are
underestimated by the moments method, but glolially
tends to overestimate the results by a factor efith
respect to the ion peak method.

Top 100 15minutes worst cases with the HFAE
(High flux all energies) and LFHE (Low flux at high
energies) criteria
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Figure 1. Potentials during the top 100 worst
environments following the HFAE and LFHE criteria

The difference is also visible with the top 100 rege
associated with negative potentials given by: ¥ th
moment method and larger in absolute values thHan -
kV, - 5 kV and -10 kV: 2/ the ion peak method and
larger in absolute values than - 2 kV, - 5 kV a8dYV.
The peak method does not provide potentials exngedi
-8.5 kV. Both methods agree quite well below 8 kV
negative, see Fig. 2.

Top 100 longest series of potentials < -2000V, < -
5000 and < -10000 V from moments
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Figure 2. Potentials during the top 100 worst
environments associated to large potentials given by the
moment method

For the rest of the paper we will focus on a sev&EO
environment measured on LANL 1994 084 on
2005/01/02 at 15h46minl12s UTC time and at MLT of
04 47. The average potential during 15 minutes radou
that date was estimated between -650 Volts and0-320
Volts pending on the method used. This absolute
charging was associated to a large integral eledtux

of 5x10 cm®.s'.sr* (HFAE criterion).

3. CORRELATION WITH LEO
OBSERVATIONS

This section is based on the analysis of extreme
energetic electron fluxes in LEO performed on NOAA-
15 to_19 POES spacecraft [8]. We have focused ®n th
electrons of energy above 30 keV at L* of 6.0 arfsl 4
on January 02, 2005, see Fig. 3. The data plotted
correspond to the maximal 2s fluxes each 3 houis. |
compared to the average flux at a given L* andhi® t
5%, 1% and 0.1% exceedance flux level which also ar
functions of L*. At L* = 6.0, the flux around 16h00
UTC time exceeds slightly the 5% exc. level. It was
preceded by three events of same intensity onahes

or previous day, confirming the large electron @sax
measured by LANL. The fluxes at L*=4.5 have
approximately the same value as L*=6.0 but it igtivo
noticing that this flux exceeds strongly the 106%8 exc.
level and are very close to the 1% exc. level.
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Figure 3. E>30 keV electron fluxes at LEO and L* =
6.0 (top) and L* = 4.5 (bottom)

4. MEO ENVIRONMENT MODELLING

The Inner Magnetosphere Particle Transport and
Acceleration model (IMPTAM) traces distributions of
electrons in the drift approximation®(and 2° adiabatic
invariants conserved) with arbitrary pitch anglesnf

the plasma sheet (starting from L=10) to the inher
shell regions with energies reaching up to hundifds
keVs in time-dependent magnetic and electric fi§dds
[10]-[11]. We obtain the changes in the electron

distribution functionf (R, &, t, Ekin, @), whereR and ¢

are the radial and azimuthal coordinates in the
equatorial plane, respectivellyjs the time,Ekin is the

particle energy, ande is the particle pitch angle,

considering the drift velocity as a combinationtiod E

x B drift velocity and the velocities of gradient and
curvature drifts. Liouville’s theorem is used toirga
information of the entire distribution function Wit
losses taken into account. For the obtained digich
function, we apply radial diffusion by solving thedial
diffusion equation the distribution functionKp-

dependent radial diffusion coefficient®, for the
magnetic field fluctuations are computed followiig]

using D, =10°%°%®~%25 1% " after that, we repeat

the order of calculation: first, we solve transpaith
losses and then apply the diffusion. For electassés
we consider convection outflow and pitch angle
diffusion by introducing the electron lifetimes acding

to Chen et al. [2005] for the strong diffusion and 3]

for the weak diffusion regimes.

For calculations at MEO, we use the set of models
which was found to provide best agreement with the
measured low-energy electron fluxes at geostatjonar
orbit: (1) a dipole model for the internal magndiedd,

(2) T96 model [14] for the external magnetic figWith
Dst, Psw, IMF By andBz as input parameters, and (3)
[15] polar cap potential dependent on solar wind an
IMF parameters mapped to the magnetosphere.

We set the model boundary at RE and use the
kappa electron distribution function with kappalo8.
The number densityn and temperatureT in the
distribution function are given by the empirical dedb
derived from Geotail data by [16]. The electrons
assumed to be the same as that for ions in thelpinde
Te/Ti = 0.2 is taken into account. We also intrcetlia
time shift of 2 h following [17] for the solar wind
material to reach the midtail plasma sheet.

LANL data are used as input for IMPTAM every 5
minutes. Fig. 5 shows a good agreement between the
LANL data and the environment computed with
IMPTAM at GEO below 100 keV, which is the upper
boundary of the computational program. A large
increase in the fluxes is obtained at MEO, up tactor
of 10 at energies below 15 keV and up to a factd(o
above 35 keV.
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Figure 5. Comparison of LANL and IMPTAM fluxes at
GEO and flux computed at MEO
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5. CONCLUSION

This paper presented a method to correlate plasma
measurements made at GEO and at LEO with
simulations of the low energy electron dynamicsdeas
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