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Relationship between internal charging and particle
fluxes in the outer radiation belt
Junhyun Lee, Ensang Lee, Jongho Seon, Khan-Hyuk Kim and Jaejin Lee

electrons are trapped in the outer radiation belt, located from 3
to 5 Earth radii (RE) from the center of Earth. The Van Allen
Probes satellites have the middle earth orbit (MEO) from 1.1

Abstract— Internal charging is a phenomenon that energetic
particles in space penetrate into and accumulate within dielectric
materials of spacecraft. This could result in electrostatic
discharge within the materials, which has been suggested as a
cause of many spacecraft anomalies. Internal charging is mainly
affected by energetic particles. In this study, we report very large
enhancement of internal charging observed by the Van Allen
Probes spacecraft in the outer radiation belt. From October 9,
2012 to October 14, 2012 the current produced by energetic
particle deposition, measured by Engineering Radiation Monitor
(ERM) onboard the Van Allen Probes spacecraft, significantly
increased more than 10 times from the quiet time level. Energetic
particle fluxes were also increased at the same time. Using the
low- and high-energy particle measurements from the Magnetic
Electron Ion Spectrometer (MagEIS) and Relativistic ElectronProton Telescope (REPT), respectively, we investigated the
relationship between the internal charging and low- and highenergy particle fluxes. The enhancement of the current from
ERM is closely related with the enhancement of the electron flux
with energies of 2.0 ~ 8.8 MeV, but shows no correlation with the
electron fluxes lower than 2.0 MeV and higher than 8.8 MeV.

to 5.8 RE with low inclination (10˚). Thus, Van Allen Probes
pass through the outer radiation belt and experience
accumulation of high energy electrons within the spacecraft
materials. In this study, using the internal charging and
particle measurements from Van Allen Probes, we
investigated in detail the relationship between the internal
charging and low- and high-energy electron fluxes.
II.

In this study we used charging current measurements from
Engineering Radiation Monitor (ERM) onboard the Van Allen
Probes satellites. ERM includes two internal charging monitors,
which have different shielding depths (aluminums of 1.0 mm
and 3.8 mm thicknesses) [5]. Accumulated charges are
measured as tiny currents, called the charging current. To
compare with the charging currents and ambient electron
fluxes we used particle measurements from Energetic Particle,
Composition, and Thermal Plasma (ECT) suite [6]. To
penetrate through aluminum of at least 1.0 mm thickness
electrons have to have energies 0.7 MeV or higher. Thus, we
used the electron flux data from the Magnetic Electron Ion
Spectrometer (MagEIS) and the Relativistic Electron Proton
Telescope (REPT). MagEIS provides the differential fluxes of
electrons with energies from 30 keV to 4 MeV, and REPT
from 4 to 10 MeV.

Keywords— Internal Charging, Outer Radiation belt, Van Allen
Probes, Energetic Particle Flux

I.

DATA SETS

INTRODUCTION

When the ambient plasma particles are very energetic, they
can penetrate into and accumulate within dielectric materials
of spacecraft. This phenomenon is called internal charging.
The accumulated electric charges can result in electrostatic
discharge (ESD) within the dielectric or ungrounded material
and cause various damages on satellites. In previous studies, it
has been reported that the Telesat communication satellites,
ANIK E1 and E2, were failed due to internal charging
followed by ESDs inside the satellites [1] [2]. The discharge
events in spacecraft correlated with the fluences of ambient
energetic electrons and ions observed on the CRRES satellite
[3]. The internal charging currents from the accumulation of
charges detected by the Giove-A satellite varied considerably
in profile both within and between high-energy particle flux
enhancement events [4]. Large amount of high energy

III.

INVESTIGATION OF INTERNAL CHARGING IN THE OUTER
RADIATION BELT

A. Charging Event on 9 October 2012
ERM observed a strong internal charging event occurred on
9 October 2012 (Fig. 1). The top panel in Fig. 1 shows the
charging current measured by ERM 1, which has the shielding
thickness of 1.0 mm. The second panel shows the solar wind
speed measured by the ACE spacecraft at 1 AU, the third the
AE index, and the bottom the Dst index. On 8 October 2012 a
moderate geomagnetic storm with the minimum of the Dst
index of -110 nT has occurred. Around the second dip in the
Dst index on 9 October 2012 the charging currents drastically
increased over 50 times from the quiet time level. The
enhancement continued through the recovery phase of the
storm and gradually decreased over more than 20 days.
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Figure 3. The relationship between the charging currents and the
energetic electron fluxes with energies (a) 2.3 MeV, (b) 2.85 MeV, (c) 4.5
MeV, and (d) 8.8 MeV. The energies are the center energy of each energy
channel. Red symbols were obtained when the satell

charging currents. The relationship between the electron
fluxes and the currents shows two different branches,
indicated by red and blue colors. The branch with red color
was obtained when the satellite was in the inner part (3 < L <
4) of the outer radiation belt, while the branch with blue color
in the outer part (L > 4).
The electron fluxes are larger in the outer part than in the
inner part for the same magnitude of the charging currents.

Figure 1. An overview of the internal charging event on 9 October 2012.
Top panel shows the charging current, the second the solar wind speed
from the ACE spacecraft at 1 AU, the third the AE index, and the bottom
the Dst index.

IV.
B. Electron Flux Enhancement
Large enhancement of energetic electron fluxes was
observed by Van Allen Probes and the CSSWE cubesat on 8
October 2012 storm event [7]. Figure 2 shows the charging
currents (red line) from ERM 1 and 2 MeV electron fluxes
(black dots) from 7 October to 10 October. 2 MeV electron
fluxes rapidly enhanced with increasing charging currents on 9
October.
The relationships between the charging currents and the
electron fluxes from some of the energy channels are shown in
Figure 3. It is found that electron fluxes with energies between
700 keV and 7.1 MeV show good correlation with the
charging currents. However, above 8 MeV, there is no
correlation between electron fluxes and the charging currents.
This shows the electrons with energies between 700 keV and
7.1 MeV play a dominant role on the enhancement of the

SUMMARY

When Van Allen Probes passed through the outer radiation
belt during a moderate geomagnetic storm on 8 October 2012,
large internal charging was detected by ERM. The charging
currents from ERM largely increased along with the
enhancement of the energetic electron fluxes with the energies
between 700 keV and 7.1 MeV. The relationship between the
currents and electron fluxes shows two different branches,
which correspond to different parts of the radiation belt. We
are currently investigating why the responses of the charging
currents are different in different parts by examining energy
spectrum of electron fluxes.
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