


























Table: Estimated worst-case signal-to-noise ratios (SNR) 
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Channel 1 Channel 2 Channel 3 

Electrons 0.5-1.7 MeV 1.7-3.3 MeV >3.3 MeV 

Protons 9-18 MeV 18-30 MeV 30-40 MeV 





















For our model, we define the BLC specifically as the range
of equatorial PA with electrons mirror points below 100 km
in either hemisphere. The nondipolar nature of the Earth’s
magnetic field results in nonuniform magnetic field strength
at both 100 km and the magnetic equator, hence a longitude‐
dependent BLC, as shown in the two black curves in
Figure 1a. The solid curve is the 100 km BLC angle at L =
4.5 in the Southern Hemisphere, and the dotted curve is for
the Northern Hemisphere. So the final 100 km BLC at each
longitude is the maximum of these two, with the range of
equatorial PA inside the BLC filled by red color in Figure 1a.
The peak location of the BLC angle is at ∼0° or 360° longi-
tude, where the 100 km magnetic field is the weakest for the

fixed L value, and this region is called the South Atlantic
Anomaly (SAA). The electrons inside the BLC are classified
as “untrapped,” since they will be lost within one bounce as
illustrated in Figure 1b. Taking point A from Figure 1a inside
the BLC as an example, it is detected by SAMPEX in the
Northern Hemisphere near the SAA longitudes. But when it
bounces to the Southern Hemisphere (the SAA region), the
electron mirrors below 100 km (at point A1) and is lost into
the atmosphere.
[10] The drift loss cone (DLC) is defined as the range of

equatorial PA between the local BLC at one specific longi-
tude and the maximum BLC over all the longitudes, shown in
the blue region in Figure 1a. The particles inside the DLC are
called “quasi‐trapped,” such as point B. These particles can
stay trapped at some longitudes (B to B1 in Figure 1c), but
when they drift to the SAA region, they will get lost (at B2).
Therefore, the particles inside the DLC cannot stay longer
than a drift period. However, for particles outside the DLC,
the green area in Figure 1a, they will stay trapped at all
longitudes (assuming no pitch angle scattering). We take
point D in Figure 1a as an example and show the geometry in
Figure 1d: detected by SAMPEX near the SAA region at
point D, then bounce to D1, and then D2 to D3 after drift.

2.2. PA‐Longitude Plot
[11] As we described, points A, B, C and D are the four

measuring locations of SAMPEX at a given L shell within
one orbit. And from Figures 1a–1d, we understand that
SAMPEX can observe all the three different electron popu-
lations: trapped, quasi‐trapped, and untrapped. In Figure 2a,
we plot out the maximum equatorial PA of electrons mea-
sured by SAMPEX at a given L shell within 1 day versus
geomagnetic longitude. It used the pattern in Figure 1a as the
background. The maximum equatorial PA corresponds to
detected electrons with local PA equal to 90° or mirroring
at SAMPEX locations. The yellow triangles represent the
data points detected by SAMPEX at L = 4.5 within the day
13 February 2009. Note that the geomagnetic longitude is
calculated under the Corrected GeoMagnetic coordinates
(CGM) using the IGRF model [Gustafsson et al., 1992] and
the L shell value used is the McIlwain L [McIlwain, 1961]
obtained by using the IGRF model. Since the Earth is
rotating underneath SAMPEX’s orbit, the data can reach
full‐longitude coverage after 1 day (at least half a day). And
since SAMPEX orbits the Earth 15 times per day, within
1 day it crosses a given L shell ∼60 times, resulting in
∼60 data points in the figure. Upward triangles indicate
crossings in the Northern Hemisphere and downward trian-
gles are in the Southern Hemisphere. Based on the maximum
observed PA, the detected electrons can be approximately
classified as trapped (in the green area), quasi‐trapped (in the
blue area), and untrapped (in the red area).
[12] There will be certain errors from the approximate

electron classification based on the maximum observed PA,
since not all the measured electrons will have local PA equal
to 90°. However, it is virtually unachievable for SAMPEX
to provide the exact local PA of measuring electrons, given
the wide look angle of its detector. So the possible scenarios
are some so‐called “trapped” electrons in Figure 2a can be
actually quasi‐trapped (due to local PA < 90°) or some
“quasi‐trapped” electrons are actually untrapped. But the
classified as “untrapped” electrons will be truly untrapped,

Figure 1. Cartoons illustrating the SAMPEX data geome-
try. SAMPEX can measure three different electron popula-
tions: trapped, quasi‐trapped, and untrapped, with their
equatorial pitch angle ranges at L = 4.5 shown in
Figure 1a. Within each electron population area, a represen-
tative point is marked: points A, B, and D respectively. The
three points together with another point C are the four de-
tecting positions by SAMPEX at a given L shell within
one orbit, shown in Figures 1b, 1c, and 1d, which illustrate
how the points A, B, and D detected by SAMPEX can be
untrapped, quasi‐trapped, and trapped, respectively. The L
shell is shown on the left of each panel with the electron tra-
jectories shown in color.
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Evolution of relativistic outer belt electrons 
during extended quiescent period

15 Dec 20 Dec 25 Dec 31 Dec 05 Jan 10 Jan 15 Jan
101

102

103

104

105
RBSP A REPT, E=2.3 MeV, Dec 15, 2012 to Jan 15, 2013

15 Dec 20 Dec 25 Dec 31 Dec 05 Jan 10 Jan 15 Jan
101

102

103

104

105

 F
lu

x 
(c

m
2  s

1  s
r1  M

eV
1 ) L* = 4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6

15 Dec 20 Dec 25 Dec 31 Dec 05 Jan 10 Jan 15 Jan
101

102

103

104

105
RBSP A MagEIS, E=0.6 MeV, Dec 15, 2012 to Jan 15, 2013

15 Dec 20 Dec 25 Dec 31 Dec 05 Jan 10 Jan 15 Jan
101

102

103

104

105

 F
lu

x 
(c

m
2  s

1  s
r1  M

eV
1 ) L* = 4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6









!"#$%&'()*+%,!-%./.01%

23
)4
%&5

/6
#

7%
+%
+*
%8

$9
1%

:;;<=%

=.>%?@AB.@C%8$9%
=7>%.@CBD@D%8$9%
=D>%ED@D%8$9%

FGHH=I%

FGHH=IB:;;<=%:(JK)J6L(J+%M%?./.0B.N%
FO33((J%.:% :;;<=%

I%
+'
$3
3%

0%
%%%
%%%
%%%
%%%
%%P
%%%
%%%
%%%
%%%
%%%
?%
%%%
%%%
%%%
%%%
%%P
%%%
%%%
%%%
%%%
%%%
0%

0%%%%%%%%%%%%%%%%%%P%%%%%%%%%%%%%%%%%?%%%%%%%%%%%%%%%%%%P%%%%%%%%%%%%%%%%%%0%
I%+'$33%

!"#$%&'()*+%,!-%./.N1%

23
)4
%&5

/6
#

7%
+%
+*
%8

$9
1%

./.0/7?.D% ./.N/7?.D%












