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Abstract

The electron fluxes in the outer radiation belt during and
after geomagnetic storms were investigated using the EPT
(Energetic Particle Telescope) instrument on board the
ESA PROBA-V satellite at a polar LEO (Low Earth Orbit)
at 820 km of altitude and compared with simultaneous
observations of the instrument MagEIS on board the
NASA Van Allen Probes circulating on a low inclination
elliptical orbit ranging from 600 to 30 600 km.

We find that the equatorial trapped electron fluxes
observed at MEO (Medium Earth Orbit) are higher than at
LEO. Below 1 MeV, maximal fluxes differ by ~2 orders of
magnitude. However, the EPT ultra-relativistic flux (>2.4
MeV) is much lower than the Van Allen Probes flux at 2.33
MeV, by 4 to 5 orders of magnitude. We also observe that
the outer belt is quite isotropic during quiet times, contrary
to the inner belt. During storms (here, the big storm of 23
June 2015), the dropout and flux increase observed at LEO
and MEO present very similar shapes.

1. Introduction

The ESA satellite PROBA-V had provided flux
observations from EPT on a LEO polar orbit at an altitude
of 820 km since its launch in May 2013. The inclination is
98.73°, the orbital rotation period has a duration of 101.21
minutes and 10:30 AM is the nominal local time at the
descending node. The EPT detector measures the electron
fluxes above 500 keV, in addition to protons above 9.5
MeV [1].

The NASA Van Allen Probes mission, formerly called
RBSP (Radiation Belt Storm Probes A and B) was
launched in 2012 [2]. It operated simultaneously with EPT
from 2013 to 2019, enabling unprecedented studies of the
electron radiation belt variability in response to solar
activity. RBSP flew on a low inclination (<20°) elliptical
orbit ranging from 600 to 30,600 km. The MagEIS

(Magnetic Electron Ton Spectrometer) instrument observed
electrons in the energy range from 30 keV to 4 MeV.

The comparison of electron fluxes measured by EPT at
LEO with those of MagEIS close to the equatorial plane,
combined with simulations, helps us to understand the
dynamics of the radiation belts [3].

2. Analysis of the Observations

Figure 1 shows the EPT electron fluxes from 18 June 2015
up to 28 June 2015 (horizontal axis), as a function of the
Mcllwain parameter L (vertical axis) for the 6 electron
energy channels. A very big storm is observed on 23 June
2015 with a Disturbed Storm Time index Dst=-204 nT. A
dropout is clearly visible for all energy channels of EPT (>
500 keV), as is observed for all Dst events [3]. The dropout
has a V-shape, i.e., starts earlier and has a longer duration
at high L than at lower L, following the Dst shape well [4].
The dropout is followed by a strong flux enhancement in
the outer belt and in the slot region to a lower L value than
before the storm. Contrary to the dropout, such penetration
in the slot is only observed for the strongest storms, and the
depth is proportional to the Dst intensity [4]. It can even
reach the inner belt, but not for E>2.4 MeV in EPT
observations [5]. After the storm, the flux gradually decays
with time, especially in the slot region that reappears a few
days after the storms [6]. There is almost no electron flux
with E>2.4 MeV in the inner belt, probably due to low
radial diffusion creating a barrier [7] limiting the
penetration of these electrons at low distances [4].

The NASA Van Allen Probes have four magnetic
spectrometers aboard each of the two spacecraft, one low-
energy unit (20-240 keV), two medium-energy units (80—
1200 keV), and a high-energy unit (800—4800 keV),
allowing us to analyze also what happens for lower
energies. Figure 2 shows RBSP B observations using the
ETC combined flux [8] for the same period from 18 to 28
June 2015. At sub-relativistic and relativistic energy (last 4
panels), the radiation belt is concentrated in the outer belt



above L~4 before the storm of 23 June and a slot is clearly
visible (above L~2.3 for E=465 keV for instance), contrary
to what is observed at lower energies (4 first panels) where
the more intense fluxes are concentrated at L<4, with an
outer edge increasing in L when E decreases. The 1 MeV
fluxes and above are closer to the inner belt than sub-
relativistic electron fluxes during the quiet period. This is
due to the fact that sub-relativistic electrons (~<1 MeV) are
more sensitive to whistler-mode hiss waves than higher
energy electrons, with these interactions occurring at
higher L-shell for the sub-relativistic electrons, and thus are
more scattered during extended quiet periods [9, 10, 11].
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Figure 1. Electron fluxes observed by EPT from 18 June
2015 up to 28 June 2015, as a function of the Mcllwain
parameter L (vertical axis) and time (horizontal axis) for
the 6 electron energy channels. The observed Dst
(Disturbed Storm Time) index is given in the bottom panel.
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Figure 2. Electron fluxes (in #/(cm? s sr keV)) versus time
and L-shell measured by RBSP instruments from 18 June
2015 up to 28 June 2015 (for the storm period of 23 June
2015 as in Figure 1). The 4 first panels show low energy
seed electrons (10 to 103 keV), which contribute to the
electromagnetic environment and as source of aurora. The
4 next panels show radiation belt flux for sub-relativistic
and relativistic electrons (from 465 keV to 1.612 MeV).
The magenta dotted line corresponds to the plasmapause
position measured by spacecraft charging using EFW on
RBSP B.

In Figure 2, the dropout has also some trace of a V-shape
and seems to penetrate at lower L when the energy is high
(L~4.5 at 465 keV while L~4 at L>1 MeV). This is also
observed with EPT at LEO, but with a lower penetration
(L~3.9 at 500 keV, L~3 at E>2.4 MeV). At energies E <
103 keV, the dropout is almost not visible, which is a rare
feature as dropout by definition should remove all particles.
This may indicate fast substorm injections occur in a close
timeframe. The temporal binning generated in Figure 2
may also be too coarse to analyze the details of these fast
processes. During the storm, the flux penetration at lower
L is also clearly observed, with an injection reaching the
inner belt up to E=584 keV like in EPT measurements.

3. Discussion

Other comparisons have been made recently to study the
causes of flux variations. The comparison of magnetopause
position and of the dropout depth have indicated that



dropouts are the consequence of magnetopause shadowing,
i.e., the removal of the outer radiation belt electrons from
the inner magnetosphere when a higher flux of solar wind
pushes the magnetopause closer to the Earth [12].
Simulations of the particle motion also show that the
dropout is also due to the outward drift motion of the
particles associated to the perturbation of the magnetic
field [12].

The gradual flux decay observed in the slot and the outer
belt in the 0.1-1 MeV range seems more related to wave-
particle interactions, especially with plasmaspheric hiss [9,
10, 11]. Due to the strong electron interactions between the
energetic particles trapped in the radiation belts and
plasmaspheric hiss, the exact position of the plasmapause
boundary, as well as the density of the low energy
background particles inside and outside the plasmasphere
is critical to know. The EFW instrument on board Van
Allen Probes allowed the deduction of the plasmapause
position, as shown in Figure 2 by the magenta line. When
no observations are available, the SWIFF plasmasphere
model can be used to determine the position of the
plasmapause and the density inside and outside the
plasmasphere [13]. The model has been recently improved
for the plasmatrough part by using Van Allen Probes
observations outside the plasmasphere [14].

Other waves can also cause the loss of electrons, including
those with anthropogenic origins: the very low-frequency
transmitter in the Northwest Cape of Australia (NWC) has
recently been observed to pitch-angle scatter electrons up
to 800 keV, using EPT measurements [15]. The radiation
belt particles also interact with the other regions of the
magnetosphere as attested by the observed links between
the plasmapause, the ionospheric convection, the
boundaries of the radiation belts, and the auroral oval [11].
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