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Abstract—The study of variations in the electron flux in the outer Earth radiation belt (ERB) and their cor
relations with solar processes is one of the important problems in the experiment with the ElectronMPeska
instrument onboard the CORONASPhoton solar observatory. Data on relativistic and subrelativistic elec
tron fluxes obtained by the ElectronMPeska in 2009 have been used to study the outer ERB dynamics at the
solar minimum. Increases in outer ERB relativistic electron fluxes, observed at an height of 550 km after weak
magnetic disturbances induced by highvelocity solar wind arriving to the Earth, have been analyzed. The
geomagnetic disturbances induced by the highvelocity solar wind and that resulted in electron flux variations
were insignificant: there were no considerable storms and substorms during that period; however, several polar
groundbased stations observed an increase in wave activity. An assumption has been made that the wave
activity caused the variations in relativistic electron fluxes.
DOI: 10.1134/S0016793211070164

INTRODUCTION
Data on variations in the relativistic electron fluxes
in the outer ERB, significantly determining the radia
tion conditions in the nearEarth space (NES), are
required at periods of solar minimum for both funda
mental scientific researches and application problems.
There have been and still are many space satellites
(SS) providing data on charged particles fluxes and
spectra in the NES (such as GOES, POES,
SAMPEX); however, the problem of tracing the
dynamics of relativistic electrons at low altitudes
remains urgent, because of the still unsolved problem
of electron acceleration to relativistic energies in the
Earth’s magnetosphere (Friedel et al., 2002; Reeves
et al., 2003; and references therein) and the need to
analyze the dependence of the space instrument fail
ure frequency on geomagnetic disturbances during
intense increases in relativistic electron fluxes
(Romanov et al., 2005).
One of the main scientific problems of the experi
ment, carried out by researchers of Institute of
Nuclear Physics, Moscow State University (INP
MSU) with the use of the ElectronMPeska instru
ment onboard the CORONASPhoton space satellite
(SS)—the third CORONAS SS—is the study of the
dynamics of relativistic electron fluxes in the Earth’s
magnetosphere. The CORONASPhoton SS operated
during the solar minimum; therefore, the above prob
lem became the main one, since monitoring of solar
cosmic rays (SCRs) and the study of variations in the
boundaries of the region of SCR penetration into the

Earth’s magnetosphere were irrelevant due to the total
absence of solar flares.
EXPERIMENT
The ElectronMPeska instrument, designed at
INP MSU and mounted onboard the CORONAS
Photon SS, was designed to record electron, proton,
alpha particle, and CNO nucleus fluxes [4]. The mea
surement data provide information on the dynamics of
SCR and ERB particles and allow continuous moni
toring of NES radiation conditions from onboard the
CORONASPhoton solar observatory. CORONAS
Photon’s low polar orbit (550 km, inclination of 82.5°)
allowed electrons in the outer ERB to be recorded four
times per one circuit of about 1.5 h in duration.
The instrument consists of two modules: the Elec
tronMPeska detector module and the ElectronM
Peska electronic module. The ElectronMPeska
instrument is a fourelement semiconductor telescope
designed to recordi electrons, protons, alpha particles,
and CNO nuclei in NES using the path–energy
release technique. The instrument includes two parallel
telescopes consisting of detectors about 6 cm2 in area, a
working part thickness of 0.375 mm, and a padding
thickness of 0.6 mm. The first detector is protected by
an aluminum filter 0.1 mm in thickness. The second
detector is mounted directly above the first. Aluminum
filter 4.5 mm in thickness is mounted between the sec
ond and third detectors. A brass filter 7 mm in thickness
is mounted between the third and fourth detectors.
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Fig. 1. Variations in relativistic electron fluxes in the outer ERB at an altitude of 550 km and a geostationary orbit (bottom part,
black solid curve), as well as in the IMF and SW parameters and geomagnetic indices from March to November 2009 (for desig
nations see text).

Electrons are recorded by the first three detectors
within an energy release range of 0.1–0.8 MeV against
protons with energies higher than 80 MeV.
DATA ANALYSIS AND DISCUSSION
Variations in the relativistic electron fluxes in the
outer ERB were studied at an altitude of 550 km in the
period from March to November 2009 based on the
ElectronMPeska data (lower part of Fig. 1, solid
black curve). The data are presented for the daily max
imum flux measured in the outer ERB in the Southern
Hemisphere.
The parameters of the interplanetary magnetic
field (IMF)—IMF modulus B (black curve) and its
component Bz (gray curve, the upper part of Fig. 1)
and of the solar wind (SW)—the SW velocity (black
curve) and density (gray curve, Fig. 1, second part
from top), as well as Dst (black curve) and AE (gray
curve, Fig. 1, second part from bottom) geomagnetic

indices are given according to Goddard Space Flight
Center data (http://cdaweb.gsfc.nasa.gov/).
In addition to the data on electron fluxes at an alti
tude of 550 km (CORONASPhoton), data on varia
tions in electrons with energies higher than 2 MeV at a
geostationary orbit are presented in the bottom part of
Fig. 1 according to GOES11 data (http://cdaweb.
gsfc.nasa.gov/; gray dashed curve with empty squares).
As is seen from Fig. 1, the average relativistic elec
tron flux in the outer ERB decreased both at geosta
tionary orbits and at a low altitude (550 km) from
March to November 2009; it was lower than the instru
ment sensitivity in June and in midSeptember 2009.
In comparing the variations in the electron flux and
SW parameters, note that the mean SW velocity was
lower in these periods than in other time.
It is clear from Fig. 1 that the relativistic electron
fluxes increased many times by more than two orders
of magnitude at a geostationary orbit (GOES11 data)
and by more than an order of magnitude at an altitude
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Fig. 2. Counting rates of electrons with energies of 1–4 MeV as functions of the number of the L shell for nine passes of
CORONASPhoton through the outer ERB, obtained during March 12–21, 2009.

of 550 km during the period from Match to November
2009 under comparatively weak geomagnetic pertur
bations. In this case, the increase in the flux of elec
trons with energies higher than 2 MeV at a geostation
ary orbit usually began several days earlier than that of
electrons with energies o f 1–4 MeV at an altitude of
550 km. We relate the increases in the relativistic elec
tron fluxes in the outer ERB in the period under study
with the arrival of highvelocity SW streams, which is
confirmed by comparing the variations in the electron
flux and SW velocity and does not contradict other
experimental results, e.g., in (Li et al., 2005).
It is clear from Fig. 1 that 20 highvelocity SW
streams reached the Earth’s orbit in the period under
study; however, not all of them produced a weak geo
magnetic disturbance and thus induced an increase in
the electron flux in the outer ERB at a geostationary
orbit and at small altitudes. In this case, the presence
or absence of increases in the relativistic electron flux
for each of the highvelocity SW streams were related
neither to SW density nor the modulus of the magnetic
field B, nor the maximum value of Bz. Some high
velocity SW streams that reachsed the Earth in the sec
ond half of November 2009 could serve as examples of
nonincreaseinducing SW streams. These streams
did not cause strong variations at geostationary orbits
or at small altitudes. In this case, SW velocity ampli
tudes, variations in Dst, and values of the AE index in
the second half of November 2009 differed insignifi
cantly from the values observed in the end of October.
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Variations in the parameters of IMF and SW and
geomagnetic indices in the night of October 12/13,
2009 were considered in detail in (Myagkov et al.,
2010); in this period, a weak (Dst = –28 nT and Kp = 5)
magnetic disturbance was observed caused by a high
velocity SW stream that arrived to the Earth (the max
imum plasma velocity VSW = 550 km/s) and induced
an intense increase (by two orders of magnitude) in the
counting rate of relativistic electrons in the outer ERB
(CORONASPhoton data). The auroral activity was
relatively low in the considered period. According to
the data of the Kyoto World Data Center (swdcwww.
kugi.kyotou.ac.jp), the AE index reached its maxi
mum of 800 nT only at about 07:00 on March 13 (at
the maximum of the main phase of the geomagnetic
disturbance) and about the afternoon on March 21.
Increasing wave activity was recorded at several polar
stations, such as Sodankyla and Narsarsuaq, in the
period from March 15 to 20, 2009. Figure 2 in
(Myagkov et al., 2010) shows the profiles of the count
ing rate of electrons with energies of 1–4 MeV
depending on the L shell (McIlwaine L coordinate)
for nine passes of the CORONASPhoton SS through
the outer ERB at the same geographic coordinates and
magnetic local time before, during, and after the geo
magnetic disturbance of March 12–13. Dashed curves
in all four parts of the figure show the background
electron counting rates obtained before the distur
bance in the early morning of March 12. A weak
decrease in the counting rate of recorded electrons on
2011
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March 13 during the main phase of the storm is seen in
Fig. 2 (thick curve in the upper part). This does not
contradict the results obtained from the previous
CORONAS SS, CORONASF, i.e., a sharp decrease
in the intensity of relativistic electrons in the outer
ERB down to its almost complete depopulation during
strong geomagnetic storms (Kuznetsov et al., 2007).
Then, on March 14 (thin curve in the upper part), the
electron flux remained invariable near the prestorm
maximum at L = 4, while an additional peak appeared
at higher L with the maximum at L = 5.2. On March
17 (thin curve in the secondfromthetop part), the
new maximum shifted a little closer to the Earth
(approximately L = 5), and its intensity increased by
about an order of magnitude. The intensity of electron
fluxes in the outer ERB continued to increase during
March 18 and 19. The counting rate of relativistic
electrons maximum for this event was recorded on
May 19. The maximum fluxes at L = 5–6 were
recorded one day earlier than at L = 4–5 and four days
after the instant of the disturbance caused by a high
velocity SW stream. The time lag assessments coincide
with the data of (Li et al., 2005), assessed on the basis
of SAMPEX data.
A correlation between fluxes of relativistic elec
trons (with energies higher 1 MeV) at a geostationary
orbit (LANL) and the SW velocity was noted earlier
in, e.g., (Williams et al., 1968) and, like in our case,
near the solar maximum (1995). It was suggested in
that work that relativistic electron fluxes can vary due
to the radial diffusion or “heating” by VLF waves;
however, their parts were not ascertained.
Variations in the relativistic electron fluxes in the
outer ERB have been studied experimentally both in
Russia and abroad by different scientific teams since
the discovery of ERBs, e.g., (Williams et al., 1968;
Vakulov et al., 1975; Bezrodnykh et al., 1987; Baker
et al., 1997; Li et al., 1997; Friedel et al., 2002; Li
et al., 2001; Reeves et al., 2003) and references therin.
A correlation between variations in in relativistic elec
tron fluxes and SW parameters, in particular, the SW
velocity, was shown in many of these works.
It should be noted that 2009 was characterized by
extremely quiet geomagnetic conditions, when the
arrival of highvelocity SW streams did not cause the
development of significant geomagnetic storms in the
Earth’s magnetosphere. Thus, the aboveconsidered
geomagnetic disturbance of March 12–13, 2009, that
caused the described variations in the relativistic elec
tron fluxes was not strong; moreover, it cannot be con
sidered a magnetic storm in the commonly accepted
meaning of the word. No significant substorms were
observed in the period under study; however, some
polar stations recorded increased wave activity, which
could cause the observed increase in the relativistic
electron fluxes.

CONCLUSIONS
The experiments with the ElectronMPeska
instrument onboard the CORONASPhoton solar
observatory has shown that significant (by more than
an order of magnitude) increases in relativistic elec
tron fluxes were observed in the outer ERB at small
(500–550 km) altitudes during the period of the deep
solar minimum in 2009, caused by the arrival of high
velocity SW streams correlating with increases in rela
tivistic electron fluxes at a geostationary orbit. The
mentioned increases were observed in March, April,
and the beginning of May, as well as in June, August,
and the at end of October 2009.
Comparison of variations in the relativistic electron
fluxes at a circular polar orbit of 550 km in altitude
(CORONASPhoton) and at the GOES11 geosta
tionary orbit has shown that increases in relativistic
electron fluxes begin almost simultaneously at a geo
stationary orbit and an altitude of 550 km (within one
day) but are much slower and reach a maximum sev
eral days later. The geomagnetic disturbances caused
by highvelocity SW streams and that resulted in vari
ations in electron fluxes were weak; i.e., no significant
storms and substorms occurred in the period under
study, but several polar groundbased stations
recorded increased wave activity; therefore, we assume
that just the wave activity was the reason of variations
in the relativistic electron fluxes.
The results show that even weak geomagnetic dis
turbances in combination with wave activity can sig
nificantly affect the dynamic of outer ERB in a period
of solar minimum.
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