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Abstract Utilizing the DEMETER observations at 670 km, we examined the day‐night difference of
energetic electrons (100–800 keV) in the South Atlantic Anomaly (SAA) region and their dependence on
geomagnetic activities in different seasons. Under geomagnetically quiet conditions, the fluxes of
higher‐energy electrons (>200 keV) in the dusk andmidnight (MLT ~ 19–24 hr) are usually larger than those
in the morning (MLT ~ 8–12 hr) in the core region of the SAA (−50 ≤ λ ≤ − 20deg) during the northern
and southern summers (21 March 2007 to 23 September 2007 and 23 September 2007 to 21 March 2008).
The day‐night difference of energetic electrons in SAA region depends not only on the electron energy but
also on the geomagnetic activity levels. Enhanced geomagnetic activities increase the energetic electrons in
morning and hence weaken their day‐night difference in the SAA region.

1. Introduction
South Atlantic Anomaly (SAA) leads to particular disturbances in space environments over the Earth. In the
SAA region, the remarkable decrease in geomagnetic field allows the trapped high‐energy protons and elec-
trons in the inner radiation belt to bounce to lower altitudes and thus generate radiation hazards to the
spacecrafts and astronauts in low Earth orbits (Baker et al., 2018; Heirtzler, 2002; Ye et al., 2017; Zou
et al., 2011, 2015). Under different geomagnetic conditions, cosmic ray albedo neutron decay (CRAND) is
a relatively constant source of the 100‐keV electrons in the region of L < 1.3 (Li, Selesnick, et al., 2017;
Selesnick, 2015; Zhang et al., 2019). Moreover, the large‐scale convection electric fields can cause energetic
electron injections or radial diffusion into the inner radiation belt during active times (Selesnick et al., 2016).

Besides energetic particles, there are also dense neutral atmospheric compositions and cold plasmas in the
SAA region at ionospheric altitudes (<800 km). Thus, energetic particles experience collisions with ambient
cold plasmas and neutral compositions (Li et al., 2015; Selesnick, 2012). Satellite observations indicate that
the density of cold plasmas in the nighttime is much less than the daytime in the SAA region (Horvath &
Lovell, 2009; Li et al., 2011). However, no one knows whether the radiation environments of energetic par-
ticles have a remarkable day‐night difference in SAA region. Here, we examined the day‐night difference of
energetic electron fluxes in SAA region and their dependence on geomagnetic activities in different seasons.

2. Data Source

During a tropic year (21 March 2007 to 21 March 2008), the Detection of Electro‐Magnetic Emissions
Transmitted from Earthquake Regions (DEMETER) satellite moved in a sun‐synchronous circular orbit at
~670 km. The local times (LT) of the equatorial crossings by DEMETER are 10:30 a.m. and 10:30 p.m.,
respectively. The Instrument for Detecting Particles (IDP) on board DEMETER mainly measures the
70‐keV to 2.54‐MeV electrons (Sauvaud et al., 2006). The thermal plasma analyzer (Instrument d'Analyze
du Plasma [IAP]) mainly records the number density and temperature (~102 to 5 × 103 K) of ambient cold
ions (O+, H+, and He+) (Berthelier et al., 2006).

3. Spatial Range of SAA and Motion Periods of Charged Particles at 670 km

Since the spatial range of the SAA region is different at different altitudes, we showed the SAA region
roughly through global distribution of magnetic field strength (B) at ~670 km. B was obtained from the
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mission center of DEMETER, and it was calculated with the model of International Geomagnetic
Reference Field (IGRF). Based on the magnetic field strength (B) and the motion equations of charged
particles (Lyons & Williams, 1984), we estimated the cyclotron, bounce, and drift periods of energetic
electrons at 670 km.

Figure 1 shows the global distribution of magnetic field strength (B) and themotion periods of energetic elec-
trons (100–1,000 keV) at 670 km. B ≤ 104.3 nT in the SAA region (−120 ≤ φ < 20 deg,and − 60 < λ ≤ 0 deg),
and the cyclotron period of energetic electrons is the maximum there (inside the closed red curve in
Figure 1b). At 670 km, the bounce periods of energetic electrons are about 0.04 to 0.2 s, while their
bounce‐averaged drift periods are about 0.3 to 11 hr.

4. Day‐Night Difference of Energetic Electrons in SAA Region During
Quiet Times

Figures 2–5 show the differential fluxes of the 100 to 800 keV electrons in SAA region during geomagneti-
cally quiet times (Kp < 3 and Dst > −30 nT and AE < 200 nT). The electron fluxes were observed by
DEMETER around the vernal equinox (18 March), summer solstice (06 June), autumnal equinox (10
September), and winter solstice (15 December) in 2007. The curves with asterisks denote the electron fluxes
in the morning (magnetic local time [MLT] ~ 8.5–10.5 hr), while the curves with squares denote that in the
nighttime (MLT ~ 22–22.9 hr).

In the SAA region (−50 < φ< − 20 deg,and− 60≤ λ≤ 0 deg), the fluxes of different‐energy electrons display
different day‐night asymmetries. The fluxes of lower‐energy electrons (E < 200 keV) in morning are nearly
comparable to those in nighttime, whereas the fluxes of higher‐energy electrons (E > 200 keV) in nighttime
are significantly larger than those in morning in all seasons under geomagnetically quiet times. The
day‐night differences of the higher‐energy electrons are the most prominent near the core region of the
SAA (−50 ≤ λ ≤ − 20 deg). The large day‐night difference of the higher‐energy electrons indicates that
the low‐orbit satellites encounter more high‐energy electrons in the SAA region in the nighttime than the
daytime in different seasons during quiet times.

Figure 1. (a) Global distribution of magnetic field strength (B). (b–d) Motion periods of energetic electrons at 670 km. λdip is the magnetic dip equator (red
diamonds). The South Atlantic Anomaly (SAA) region is marked out by the closed red curves.
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The day‐night difference of energetic electrons in the SAA region depends on the electron energy. Although
the flux of the 200 keV electrons has also significant day‐night difference around the solstices (06 June and
15 December), their flux becomes comparable around the equinoxes (18 March and 10 September).
Similarly, the fluxes of the <200‐keV electrons are also highly changed in different seasons. These observa-
tions indicate that the 200‐keV and lower‐energy electrons are more easily changed by a few of
season‐dependent factors (e.g., geomagnetic activities).

In order to examine the effect of seasonal changes on energetic electrons in SAA region, we selected the ener-
getic electron data observed by DEMETER/IDP during the northern and southern summers (21 March 2007
to 23 September 2007 and 23 September 2007 to 21 March 2008), and then calculated the semiannually aver-
aged electron fluxes within each grid of longitude and latitude (2° × 1°) in daytime and nighttime. Figure 6
displays the global distribution of the semiannually averaged fluxes of the 500‐keV electrons and their
day‐night differences under geomagnetically quiet conditions (Kp < 3 and Dst > −30 nT and
AE < 200 nT). The day‐night difference is equal to the nighttime flux minus the daytime one in the same
grid (Panels c and f).

Figure 2. The differential fluxes of energetic electrons in South Atlantic Anomaly (SAA) region around the vernal
equinox (18 March 2007) during geomagnetically quiet times. The fluxes of lower‐energy electrons (<200 keV) in
morning are comparable to those in nighttime, whereas those of higher‐energy electrons (>200 keV) are significantly
larger in the nighttime than the morning.

10.1029/2020SW002479Space Weather

LI ET AL. 3 of 12



In the core region of the SAA (−50 ≤ λ ≤ − 20 deg, and −80 ≤ φ ≤ 10 deg), the day‐night difference of
the 500‐keV electron fluxes is greater than 1.0 × 103 (cm2·s·sr·keV)−1 during the northern and southern
summers. Similarly, the fluxes of other higher‐energy electrons (e.g., 300 and 700 keV) have significant
day‐night differences in the core region of the SAA. These statistical results demonstrate that the fluxes
of higher‐energy electrons (>200 keV) in SAA region in nighttime are usually larger than those in
morning.

Moreover, we also examined the global distributions of the semiannual averaged fluxes of lower‐energy elec-
trons (<200 keV) in morning and nighttime during the northern and southern summers. However, the
fluxes of the lower‐energy electrons have no significant day‐night difference in the core region of the SAA
during quiet times. The different local time distributions of energetic electrons suggest that
different‐energy electrons experience different dynamic processes at 670 km.

5. Discussions
5.1. Effect of Collisions With Cold Plasma Species and Neutral Compositions

During quiet times, the day‐low and night‐high electron fluxes are opposite to the day‐night difference of
plasma density in the SAA region. The density of cold ambient electrons (~eV) in the daytime is higher by
one order of magnitude than the nighttime in the SAA region (Li et al., 2011). Therefore, energetic

Figure 3. Similar to Figure 2, but around the summer solstice (06 June 2007) during quiet times.
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electrons probably experience loss because of collisions with cold plasma species and neutral atmospheric
compositions at 670 km. The pitch angle diffusion coefficient of energetic electrons induced by Coulomb
collision is expressed as (Selesnick, 2012)

Dxx ¼ 2πr3em
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Figure 4. Similar to Figure 2, but around the autumnal equinox (10 September 2007) during quiet times.
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Here, we only calculated the local pitch angle diffusion rate (Dαα ¼ Dxx/y
2 in s‐1) of energetic electrons and

their loss time (τ ¼ 1/(24 × 3,600Dαα) in day at different latitudes. The density and temperature of plasma
species (e−, O+, He+, H+) were measured by DEMETER, while the density of neutral atmospheric composi-
tions was calculated with the NRLMSISE‐00 atmospheric model (Picone et al., 2002).

Figures 7 and 8 show the loss times of the 100‐ and 500‐keV electrons caused by their collisions with cold
plasmas and neutral compositions at 670 km. In most region of the SAA (inside the red closed curves),
the collision loss time of the 100‐keV electrons is less than half a day (τ ≤ 0.5 day in Figure 7), whereas that
of the 500‐keV electrons is longer than 1 day (Figure 8). The loss time of the 100‐keV electrons in the SAA
region is comparable to their bounce‐averaged drift periods (the drift periods of the lower‐energy electrons
(<200 keV) are longer than 4.1 hr in Figure 1d). The fast collisions break the drift motion of the lower‐energy
electrons at 670 km. However, the collision loss time of the 500‐keV electrons is longer than longer than their
drift periods (the drift periods of the higher‐energy electrons (>200 keV) are short than 4.1 hr in Figure 1d).
Thus, the higher‐energy electrons can maintain their drift motions at 670 km.

In the case of faster drift motions, the slower collision losses cannot result in the day‐night difference of the
higher‐energy electrons (>200 keV), unless the drift orbits of charged particles are originally asymmetrical
on the dayside and nightside. Although the lower‐energy electrons (<200 keV) undergo faster collision

Figure 5. Similar to Figure 2, but around the winter solstice (15 December 2007) during quiet times.
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losses, their comparable fluxes in the daytime and nighttime suggest that the lower‐energy electrons have
almost the same sources at different local times, such as a constant source from CRAND (Li, Selesnick,
et al., 2017; Selesnick, 2015).

5.2. Effect of the Day‐Night Asymmetry of the Drift Shells of Energetic Electrons

To examine the effect of the drift shell splitting on the energetic electrons in SAA region, we simulated the
drift orbits of energetic electrons with the magnetic field models of IGRF plus TS04D (aka TS05)
(Tsyganenko & Sitnov, 2005). Figure 9 displays the drift orbits of the 85° pitch angle electrons encountered
by the DEMETER satellite during quiet times (Dst ~ HSYM ~ −5 nT) on 06 June 2007 at 670 km.

During quiet times, the azimuthal drift motions of charged particles are nearly along a magnetic shell with
the samemagnetic field strength (B). The magnetic field strength (B) decreases with altitude (L). At the same
altitude, the magnetic field strength is generally greater on the dayside than the nightside because of the
stronger compression of the dayside magnetosphere by high‐speed plasma flows in solar wind (Yu
et al., 2016). To maintain the equal‐B shell drifting, the drift orbits of energetic electrons on the dayside
are higher than the nightside in the day‐night asymmetric magnetic fields (Li et al., 2016). Therefore, the
energetic electrons encountered by DEMETER at 670 km at LT¼ 10:30 a.m. come from the night side region
below 670 km, as indicated by the blue drift orbit. On the contrary, the energetic electrons encountered by
DEMETER at 670 km at LT ¼ 10:30 p.m. can drift to the dayside higher altitude (>670 km), as indicated by

Figure 6. The global distributions of the 500‐keV electrons in the daytime and nighttime and their day‐night differences
at 670 km during quiet times. Difference is equal to the nighttime electron flux minus the daytime one. The South
Atlantic Anomaly (SAA) region is marked out by the closed black curves.
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the red drift orbit. Since the fluxes of energetic electrons increase with increasing altitude (L) near the inner
edge of the inner radiation belt (Selesnick et al., 2016), the DEMETER satellite encounters more energetic
electrons on the nightside than the dayside at the same altitude (~670 km) during quiet times. The
day‐night asymmetry of the electron's drift orbits and the positive radial gradient of the electron phase
space density (i.e., flux increases with L) lead to the day‐night difference of the >200 keV electrons in the
SAA region at 670 km.

Figure 7. The loss time of the 100‐keV electrons caused by their collisions with high‐density plasmas and neutral atmospheric compositions at 670 km.

Figure 8. Similar to Figure 7, but for the 500‐keV electrons.
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The day‐night asymmetry of the radiation belt electrons depends not only
on the day‐night asymmetry of magnetic fields but also on the radial gra-
dient of the electron phase space density. As the radial gradient of the
phase space density of energetic electrons is different in different regions
of Earth's radiation belts, the day‐night asymmetry of electron fluxes is
also changed at different altitudes. For example, outside the heart of the
outer radiation belt (L > 5.5), the fluxes of energetic electrons decrease
with altitude (L). In the region of a negative radial gradient of the electron
phase space density, the day‐strong and night‐weak magnetic fields lead
to the higher electron fluxes on the dayside than the nightside at the same
altitude (e.g., at L ~ 6.6) (Li et al., 2013), because the dayside energetic
electrons near the outer boundary of the outer radiation belt come from
the nightside lower L region with higher fluxes. Besides the influence of
the day‐night asymmetry of particle's drift orbits, the fluxes of energetic
electrons sometimes depend on intensity of electromagnetic waves and
local plasma environments (Li et al., 2005, 2008, 2019; Li, Selesnick,
et al., 2017; Li, Yu, et al., 2017; Yu et al., 2015).

5.3. Effect of Geomagnetic Activities on Energetic Electrons in
SAA Region

Although the higher‐energy electrons (>200 keV) can maintain their drift
motions during quiet times, their drift shells/motions are probably chan-
ged during geomagnetic activities. Since magnetic storms (Dst index) can
effectively alter geomagnetic fields (Tsyganenko & Sitnov, 2005), they

could also change the drift orbits of charged particles and the day‐night difference of the higher‐energy elec-
trons. The storms and substorms can remarkably change the relativistic electron population in the outer
radiation belt (L > 2) (Li et al., 2009).

Figures 10 and 11 display the differential fluxes of the 100 to 800 keV electrons at 670 km around the vernal
equinox (18 March) and summer solstice (06 June) during active times (Kp > 3 or Dst < −30 nT or
AE > 200 nT). In comparison with the electron fluxes during quiet times in the same seasons (Figures 2
and 3), enhanced geomagnetic activities mainly lead to the flux enhancement of energetic electrons in the
morning in the SAA region (Figures 10 and 11), whereas the electron fluxes in the nighttime do not increase
and even decrease during active times. The inconsistent electron responses at different local times finally
weaken the day‐night difference of higher‐energy electrons (>200 keV) and even cause the higher electron
fluxes in daytime but lower fluxes in nighttime at low latitudes (|λ| < 20 deg, as indicated by Figure 10).
During active times, the fluxes of the lower‐energy electrons (<200 keV) are larger in the morning than
the nighttime at most latitudes.

The electron flux enhancements observed by DEMETER (at L ~ 1.11) in morning are consistent with the Van
Allen Probes (MagEIS) observations at higher altitudes (L ~ 1.24 to 1.3) (Selesnick et al., 2016). The flux
enhancement of the 100‐ to 400‐keV electrons on the dawn side are due to the large‐scale convection electric
field during magnetic storms (Selesnick et al., 2016). The similar electron responses indicate that the
enhanced convection electric field also modifies energetic electrons in the SAA region at 670 km. Here,
our observations demonstrate for the first time that the day‐night difference of energetic electrons in the
SAA region depends on electron energy and geomagnetic conditions.

However, it is not yet clear whether high‐energy protons have a day‐night difference in the SAA region. In
the Earth's radiation belts, the fluxes of different‐species charged particle depend on the competition
between their source and loss (Li, Selesnick, et al., 2017; Li, Yu, et al., 2017). Different sources and loss pro-
cesses perhaps lead to the different responses of high‐energy electrons and protons to magnetic storms. The
Van Allen Probes observations indicate that magnetic storms lead to the increase of energetic electrons in
the innermost radiation belt (L ≤ 1.3) on the dawn side (Selesnick et al., 2016). In contrast, other storms also
reduce high‐energy protons (tens of MeV) in the inner radiation belt and the SAA region, probably owing to
the field line curvature scattering or collision losses (Zou et al., 2011, 2015).

Figure 9. Drift orbits of the 85° pitch angle electrons encountered by
DEMETER satellite at different local times at 670 km. Blue and red
curves denote the Particle's drift orbits encountered by the satellite at
LT ¼ 10:30 a.m. and 10:30 p.m., respectively.
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6. Summary

By comparing the energetic electron fluxes in SAA region in morning and nighttime in different seasons, we
found that the fluxes of higher‐energy electrons (>200 keV) are usually larger in the nighttime than the
morning in the core region of the SAA during quiet times. However, the fluxes of lower‐energy electrons
(<200 keV) have no significant day‐night difference in the same region. The day‐night difference of the ener-
getic electrons in SAA region depends not only on the electron energy but also on the geomagnetic activity
levels.

During active times, the fluxes of all energetic electrons increase in the core region of the SAA in the morn-
ing, whereas the electron fluxes do not increase and even decrease in the nighttime. Enhanced geomagnetic
activities weaken the day‐night difference of the higher‐energy electrons and even cause the higher electron
fluxes in morning at low latitudes (|λ| < 20 deg). The fluxes of the lower‐energy electrons are larger in the
morning than the nighttime at most latitudes during active times.

Using the plasma data measured by DEMETER and the neutral densities from the NRLMSISE‐00 atmo-
spheric model, we estimated the loss time of energetic electrons due to their collisions with cold plasmas
and neutral compositions. The collisions break the drift motion of lower‐energy electrons (<200 keV),
whereas the higher‐energy electrons (>200 keV) can maintain their drift motions at 670 km. During quiet

Figure 10. Similar to Figure 2, but around the vernal equinox (01 April 2007) during active times.
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times, the day‐night asymmetry of the electron's drift orbits causes the day‐night different electron fluxes in
the SAA region near the inner edge of the inner radiation belt, where the fluxes of energetic electrons
increase with altitude (L). However, the day‐night asymmetry of the electron's drift orbits and the
day‐night difference of electron fluxes are remarkably changed during active times. The enhanced
geomagnetic activities not only increase the energetic electrons in morning but also change the particle's
drift orbits and thus break the quiet‐time day‐night difference of higher‐energy electrons.

Data Availability Statement

DEMETER IDP/IAP data are available at the Web site (http://demeter.cnrsorleans.fr). Geomagnetic indices
(Kp, Dst, and AE) are publicly available from the OMNI database in the CDAWeb (http://cdaweb.gsfc.nasa.
gov/sp_phys). We thank all staffs working for these data.
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