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Abstract

This article pertains to EXOS-C’s LEO observations during 1984-1986 of
quasi-trapped protons (0.64 - 35 MeV) and electrons (0.19 - 3.2 MeV) with
the main focus on the former. The temporal variation of proton population
near the geomagnetic equator reveals that the peak value of the equatorially
mirroring component may increase by a factor of 50 or more between a solar
maximum and a minimum condition, and that the peak flux profile of pro-
tons in the equatorial, low latitude, midlatitude, and auroral zones lying to
the north and south of the equator, exist in parallel with the minimum mag-
netic field equator. Further, the proton and the electron populations in the
said midlatitude zone show longitude and altitude dependencies. The loca-
tions of the peak profiles in all three zones in Z-space depend upon the pitch
angles of particles the distribution of which shows a second peak in addition
to the one at 90° pitch angle. Particle flux does not depend on the local time.
However, there is a great seasonal variation in e and p fluxes, possibly due to
the solar condition. Particle flux variations are indicative of the presence of
scattering by electromagnetic waves generated by both solar wind disturb-
ances and magnetospheric instabilities. These waves and the ring current par-
ticles interact to redistribution of particles spatially and energy-wise. The en-
ergy spectra of both p and e fluxes run almost parallel. Theoretical under-
standing of these observations is in progress with the work of data analysis
of other parts of the global zones.
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1. Introduction

NASA focuses on multiple observations-pertaining data analysis, data-model
comparison, and theory among others pertaining to the description of magneto-
spheric structure and evolution. The agency targets current and historical data
bases from in situ spacecraft observations and/or extended.

LEO observations to build innovative data-based specification and prediction
capabilities for the global magnetosphere. It will apply data assimilation tools and
methods. The study will link solar wind perturbations to global changes in the mag-
netospheric structure and solar energetic particle fluxes, perturbations of the iono-
sphere and thermosphere, radiation belts, and geomagnetically induced currents.
This article pertains to EXOS-C’s LEO observations that use historical databases
(https://nspires.nasaprs.com/external/solicitations/summary!init.do?solld=%7B
274C8365-A038-339F-A3AE-8F5BFE178312%7D&path=&redirectURL=).

While the NASA’s satellites report recent observations, this article reports syner-

gistically some unreported observations made by the Japanese EXOS-C satellite in
the 1980s covering some of NASA’s stipulations.

The Sun couples with the Earth through the interactions of solar energetic
particles (SEP) released in solar flares (SFs) and coronal mass ejections (CMEs)
[1]-[10]. The strongest geomagnetic storms (GSs) are usually generated by the
interaction of the magnetosphere with an incoming ICMEs ejection plasma and
the associated magnetic field [11]-[13] characterized by entrance of energetic
electrons and ions into the inner magnetosphere [14]-[29]. Papaioannou [30] pre-
pared a catalog of 314 SEP-events spanning 1984-2013 based on Geostationary
Operational Environmental Satellite (GOES)/Energetic Particle Sensor (EPS)
data [31]. SEPs propagate in the interplanetary space along the lines of force of
the interplanetary magnetic field. Solar transient events can be cross-platform
analyzed using data from solar, heliospheric, and magnetospheric missions along
with ground-based instruments from different sources for SEP prediction, geo-
magnetic storm influence on the ionosphere, the response of the different mag-
netospheric current systems to the ICME arrival, the dynamics of the plasmas-
phere during the different phases of the geomagnetic storm [31]-[35]. The re-
ported investigation is an unpublished work on the global zones of particle pre-
cipitation that was under the SEPs from SFs and CMEs as studied by the Japa-
nese OHOZORA satellite during 1984-1986.

Charged particle detectors whether the solar energetic/magnetospheric parti-
cles detectors or space weather observing onboard have conical telescopes with
some opening angles like the particle detection instruments on EXOS’C. Incident
particles—electrons and ions—interact with the surface. The analysis of the mass,
energy and/or trajectory of the emitted particles is used to identify the incident
particles indirectly.

Parker Solar Probe was launched on 12 August 2018 for a mission duration of
7 years. SWEAP (Solar Wind Electrons Alphas and Protons) on board the space
craft counts the electrons, protons and helium ions, and measure their properties
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such as velocity, density, and temperature.

Advanced Composition Explorer (ACE) [36] was launched in August 1997. The
Electron, Proton, and Alpha Monitor (EPAM) on board made measurements of
40 - 350 keV electrons and 46 - 4800 keV energetic particles in specie groups of
H, He, CNO, and Fe. It was still operating as of 2023.

Voyager 1 was launched on 5 September 1977. It is the most distant human-
made instrument in deep space [37]. It has low energy charged particle instru-
ments (LECP) to measure the differential in energy fluxes and angular distribu-
tions of ions, electrons and the differential in energy ion composition.

GOES 16 was launched on November 19, 2016, for planned 15 years duration
to detect energetic heavy ions, low, medium, and high energy magnetospheric
electrons and protons, and solar and galactic protons.

Van Allan Probe A and Van Allen Probe B were launched on August 30, 2012
to detect energetic particle composition and thermal plasma, radiation belt storm
probes ion composition, relativistic protons, and electric field and waves. The space
crafts were deactivated before the end of 2019.

The Energetic Particle Telescope (EPT) was accommodated on board the
PROBA-V satellite launched on May 7%, 2013 to detect electrons (0.2 - 10 MeV),
protons (4 - 300 MeV), alpha particles (16 - 1000 MeV), and heavier ions (up to

300 eV/nucleon). The mission’s planned maximum lifetime was 5 years.

2. Methodology

Electron and proton count rates were overviewed for quality data, and pole-to-
pole satellite passes falling within +80° geomagnetic latitudes were separated.
Previously developed software was revised, and some new software was devel-
oped, tested, and applied to decode data of both the differential and integral
proton and electron channels, pertaining to the low-latitude, mid-latitude, and
auroral zones lying on the northern part of the equator. The data were then
cleaned of contaminations, especially for rate spikes. Most of the time was de-
voted to the mid-latitude zone e and p data. Some features of the low-latitude
zone, too, were studied.

Average values of particle count rates R, geomagnetic latitude A, geomagnetic
longitudes ¢, pitch angles g, altitude A, magnetic field B, Mcllwain’s parameter Z,
local time #q, and magnetic local time #ngia Spanned in 1°-latitude latitude bin
were calculated. Combined plots were made of average particle count rates R,
vs the average values of A, ¢, @, A, B, L, fiq, and fga. Then separate plots were made

of Ryeakavrg VS Other variables.

3. Spatial Features

3.1. Survey Plots
The rate spikes were detected by making plots for individual satellite passes of

the average counting rates per 1° latitude bins vs latitude, longitude, altitude, Z,

B, local time, and the angle between the telescope axis and the magnetic field
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18.0844

direction (y). Figure 1(a) and Figure 1(b) show such plots. In these figures, the
quantities along the horizontal axis are also the average values over 1° latitude
bin. The zero values along this axis are to be ignored. They simply indicate the
terminating position for the given pass number. The broken lines indicate pro-
tons and the solid lines electrons. Counted from the left-hand side the first peak
is for the low-latitude region, the second peak for the mid-latitude region, and
the third for the auroral region. These plots have helped (i) to identify the mag-
nitudes and locations (in all the parameters along the horizontal maxis) of the
peak counting rates, (ii) to identify the peaks and extent of the respective region,
and (iii) to discard the data for a particular region for a given pass if contami-

nated by rate spikes.
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Figure 1. (a) Survey plot of electrons (solid line) and protons (broken line); (b) Survey plot of electrons and protons.

3.2. Global Profile

The global peak flux profile of protons in the three zones is shown in Figure 2(a)
(leftmost). This figure shows distinctly the plots of latitude vs longitude of the
locations of the peak counting rates. Figure 2(b) (middle) shows the global peak
flux profile of all the six zones. Figure 2(c) (rightmost) shows the global profile of
the minimum magnetic field equator. It is evident that the proton peak flux pro-
files in the three zones in the northern hemisphere and the two zones in the south-

ern the run parallel to the minimum magnetic field profile.
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Figure 2. (a) Global peak flux profiles of protons in the northern hemisphere; (b) Global peak flux profiles of protons in the northern
and southern hemispheres; (c¢) Minimum geomagnetic equator.
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The particle clustering can happen in their latitudes A, which is related to their

equatorial pitch angles a. via
sin® &, = cos® 4, /(l +3sin’ 4, )0‘5 (1)

which can be approximate to
sing, = cos* s 2)

The angles of the low-latitude around 28°, midlatitude 12°, and auroral zone

3°. And the mirror point field values as obtained from
B, =B, /[sinq, (3)

are 1.4 uT, 7.2 uT, and 113 uT, respectively.
Exospheric thermal neutral hydrogen causes charge exchange interactions with
the ring current particles making this their primary loss mechanism. For particles

mirroring at a latitude Ay the charge exchange lifetime is given by
Ty :(cos(ﬂM)i)/(n(ro)O',O (E)v) (4)

where 7= mean lifetime of protons or other ring current species confined in the
equatorial plane,

n(r,) = exospheric hydrogen in the equatorial plane,

v = velocity of the ion

01(E) = hydrogen atom charge exchange cross section of the ion with the neu-
tral [38]

i=35+0.2 (5)

indicating that off-equatorially mirroring particles do not charge exchange rap-
idly.

Ring current particles interact with cold plasma of the plasma sphere creating
intense ion cyclotron turbulence [39]. This wave causes pitch angle scattering.
Williams et al. [40] showed that the pitch angle scattering is an efficient way of
ring current energy deposition in the atmosphere. The second peak in the survey

plots may be attributed to this cause.

4. Temporal Variation of Protons in the Equatorial Zone

Proton flux varied enormously with the solar maximum and minimum condi-
tions. The energy range of protons extends from the energy of quasitrapped to
stably trapped protons. Some reasoning has been used to estimate the fraction of
quasitrapped protons in that energy range. Further, in order to show the energy
spectra and the mean energy, comparison has been made of the EXOS-C observa-
tions with the observations made at both the low and high energy ends of the en-
ergy range in the comparable altitude and Z-range near the equator. We take help
of the observations at the low energy end [41]-[47] and at the high energy end
[37]-[45].
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4.1. Quasi-Trapped Component

In Figure 3, we have compiled data of both low and high energy protons from the
previous observations. We have covered the energy range of less than 10 keV to
35 MeV comprising post-storm, pre-storm, and average geomagnetic conditions.
Dial data. [45] are represented by the three curves to the right side beyond 5 MeV
corresponding to, from the bottom, Z = 0.98, 1.02, 1.08, 1.14, and 1.18. The other
two horizontal lines at 1.3 MeV are from Phoenix-1 observation [48]-[51] the bot-
tom line is the observed flux at 277 km and the top line for the extrapolated flux
at 450 km based on altitude dependence. The equatorial perpendicular peak flux
of protons shows an L dependence of ~ I* [45] [46] in the energy range of ~5
MeV to beyond the higher energy end of the S-1 integral energy channel. The Z-
dependence of S-1 measured perpendicular peak flux of protons is only Z** as has
been reported above. The very low power law index of 4.25 compared to the large
index of 81 indicates that the portion of higher energy component of protons in
flux is negligible compared to the lower energy quasi-trapped component. The
next subsection estimates it to be nearly one-quarter of the low energy population
if 5 MeV (based on available measurements) is taken as the upper limit of the low

energy component.

| | L
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Figure 3. Energy spectra of protons.

4.2. Mean Energy of the Protons

Following the observations of Z-independence of low energy particles [43]-[51],
we have plotted the low energy (10 keV < E < 2 MeV) equatorial flux in the L
range of 0.98 to 1.14. A least square fit to the data describes the flux by the power-
law exponent ~2.55 [48]-[51]. Without any anticipation of abrupt changes, we
assume the power-law £2* to be valid at 1 to 1.15 for low energy protons up to 5
MeV. This inclusion does not affect the integral energy flux significantly because
of the steep nature of curve. In the wide range of observation, Dial [45] data at L
= 1.15 fits B4 for 5 < E< 15 MeV and E'° for 15 < E <35 MeV. At this Z-shell,
the proportion of the integral energy fluxes in the three intervals are shown in
Table 1 below.
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Table 1. Energy range wise integral energy flux.

Energy interval (MeV) Power law Flux (cm™2-sr.s71)
0.64 - 5.0 E 16.00
5.0 - 15.0 B4 4.22
15.0- 35.0 E10 2.70

The integral energy flux observed by EXOS-C at L = 1.15 is 0.62 cm s ".sr™".
The proportions shown in Table 1 yield 0.433 cm s !-sr™! in the range 0.64 to 5
MeV, 0.114 cm s .sr™" in 5 to 15 MeV, and 0.073 cm s '.sr™" in 15 to 35 MeV.
The mean energy of the protons from the integration of the weighted normalized
power laws in three different regions was found to be 9.53 MeV. The bottom four
horizontal lines are drawn with the full energy range of the EXOS-C energy chan-
nel. For comparison, normalized law £ law alone leads the mean energy to be
5.69 MeV.

4.3. Flux Discrepancy

A striking point in the plot is the low value of the flux observed in the S-1 tele-
scope. This flux is 27.8 times lower than the power law predicted value (0.64 < E
< 35 MeV), 7.7 times lower than the Phoenix-1 [48]-[51] observed flux (0.6 < E<
9.1 MeV) at 277 km, and 87.7 times lower than the Phoenix-1 extrapolated flux at
450 km. The flux (cm™2s'-sr™..) comparison is shown in Table 2.

Table 2. Comparison of flux.

Phoenix-1 observed Phoenix-1 extrapolated

EXOS-C observed
at 277 km to 45 km observe

Power law predicted

16.7 4.64 52.7 0.60

The actual flux comparison needs involvement of the instrument response
function which is not the same for all the telescopes at the geomagnetic equator.
We postpone the explanation of this flux decrease in 1984-1986 until we have
compared absolute fluxes during the epochs of observations in 1982 and 1984-
1986.

4.4. Instrument Response Function

The study of the temporal variation of flux for the same instrument at different
times is much easier than when the comparison involves among measurements
made by different instruments because of the calculation of the response function
of the instrument to particles of different pitch angles. We calculate the changes
of absolute flux between the epochs of 1982 when the Sun was very violent and
1984-1986 when the Sun was passing through a solar minimum. The particle
counting rate R of a detector of area A having the efficiency function f a) between

the energy ranges E, and B for the spectrum E~°, and the pitch angle range
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and a, for the pitch angle distribution characterized by sin?a at the magnetic field

B, the magnetic shell Z, latitude A, longitude ¢, and time #is given by [49]-[52].

R=(YT)[dt[dEE™ [do[dd-r(w)-J, (B, L, A.,q.1) (6)
To evaluate the integral numerically, we split into parts which yield
R=AFJ Q )
where F = Jsin" af(a)da (8)
with limits a1 and @,
and Q= jE'(sdE )

with limits £} and £,. The efficiency function fa) can be evaluated for the tele-
scopes (49). For illustration, the efficiency functions of all three telescopes in
AZUR, S81-1, and EXOS-C have been plotted in Figure 4. AZUR telescope has
the smallest efficiency function in the smallest equatorial pitch angle range. The
next one is S81-1 telescope on board the S81-1 mission has the largest efficiency,
and is the largest relative to 2m, the efficiency function of a plane detector. Sine
function raised to some exponents can be used to fit the efficiency function. Equa-
tion (8) can be evaluated numerically. Equation (7) lets us calculate /, from the
counting rates, detector area, integral of the product functions of pitch angle dis-
tribution, the response function, and the integral spectrum. From Equation (7),

the normalization constant J, which is representative of the actual flux can be cal-

culated.
“
$81-1
g = T ]
< g ] .-.. .,0'00..’” ‘%°°°° “-.. |
(= < Y e ‘e %
g8 SSemc
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E 8 J.I _‘:',. .l I a -.:L .°°'n
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Figure 4. Instrument response function to particles of different pitch angles.

We have plotted the instrument response functions of the S-1 telescope on
board EXOS-C for several orientations of the telescope axis with respect to the
magnetic field direction, Ze. for different values of the angle y. Later part of the
report will refer to these plots. Figures 5(a)-(f) illustrate the instrument efficiency
functions. While no direct relation between the counting rates and the efficiency
function is illustrated here, the figs. distinctly show that between the efficiency

function and the angle y.
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Figures 5(a)-(f) Plots of response functions vs pitch angle for different orien-
tations of the telescope axis with respect to the magnetic field direction. This angle
has been designated by x. y; values are gradually decreasing for the solid curves

from 90° to 40° degrees and increasing for the dotted curves 90° - 140°.
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Figure 5. (a) Pitch angle response function of S-1 telescope for y = 90° angle between the telescope axis and the magnetic B vector;
(b) Pitch angle response function of S-1 telescope for y = 80° angle between the telescope axis and the magnetic B vector; (c) Pitch
angle response function of S-1 telescope for y = 70° angle between the telescope axis and the magnetic B vector; (d) Pitch angle
response function of S-1 telescope for y = 60° angle between the telescope axis and the magnetic B vector; (e) Pitch angle response
function of S-1 telescope for y = 50° angle between the telescope axis and the magnetic B vector; (f) Pitch angle response function
of S-1 telescope for y = 40° angle between the telescope axis and the magnetic B vector

4.5. Comparison of Absolute Flux

For comparison of absolute fluxes, we have plotted /,in Figure 6 for the known val-
ues of q. The dependence of /, upon other variables is not significant [48] [49]. The
bottom curve marked with circles is for EXOS-C observation. The second curve from
the bottom marked with triangles is AZUR’s observation. The third curve marked
with triangles is Phoenix-1 data. The fourth curve marked with crosses is the Phoe-
nix-1 data predicted by the source depletion model [48]-[51]. The top curve marked
with squares is 19.5, 39.6, 59.4, 420.5 times less than AZUR, Phoenix-1, Phoenix-1
extrapolated flux, respectively. Figure 6, in essence, compares the absolute popula-

tion of quasi-trapped particles in the equatorial thermosphere.

4.6. Impact of Solar Condition

The fact that the absolute flux in 1984-1986 is 40 times less than that in 1982 [49] or

that in 1969-1970 [43] warrants our special attention. We have seen in Equation. (7)
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that /, remains to be a function of t, i. e. epoch. The large variation is probably
because of the solar condition. The Sun was passing through a maximum condition
in 1982 and a minimum in 1984-1986 as shown in Figure 7 [53]. During the solar
maximum conditions, the radiation particle intensity increases. Further, light gases

escape to exosphere more during the maximum conditions as shown in Figure 8
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Figure 6. Normalization constant variation with the anisotropic index.
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[54]. More hydrogen escapes cause enhanced precipitation of low energy particles.
Also, the depression of thermosphere toward the Earth may cause generation of
more quasi-trapped particles in 1982. The average solar 10.7 cm radio flux during
1984-1986 was 80 and in 1982 was ~ 175 [53]. The exospheric temperature corre-
sponding to these solar inputs was ~ 750° K in 1984-1986 and 1140° K in 1982
[55]. The Jeans hydrogen escape fluxes [54] corresponding to these temperatures
were ~28 in 1984-1986 and ~750 in 1982. Since the majority of the observed par-
ticles are of the low energy region where charge exchange production predominates,
it is likely that upward escaping gases enhanced the neutral generation, and conse-

quently, increased the low altitude flux in 1982 or decreased the flux in 1984-1986.

5. Low- and Mid-latitude Data Processing and Analysis
5.1. Location of Peak Counting Rates in Latitude and y Space

Figure 9(a) shows the distribution of the peak counting rates in latitude and y;
and Figure 9(b), that in B-L space for mid latitude protons only. The top plot
helps to find the latitude ranges of locally mirroring protons in all the three zones.
The maximum detection efficiency of the telescope for locally mirroring particles

corresponding to y=90° is shown in Figure 5(a) above.
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Figure 9. (a) The distribution of the peak counting rates in latitude and y for the midlatitude protons; (b) The distribution of the

peak counting rates in B-L space for the midlatitude protons.

5.2. Peak Counting Rates vs Telescope Inclination

Figure 10 shows such a plot for both protons and electrons in the mid-latitude
zone. The plots show that the local mirroring particles outnumber particles of
other pitch angles. The second peaks in the counting rates for 70° < y < 80° is
thought to be due to the scattering by electromagnetic waves in the ionosphere.
The response function depends on the telescope inclination with respect to the

magnetic field, and so do the particle count rates.

5.3. L-Dependence

The L-range along the horizontal axis covers both the low-latitude and the mid-
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latitude. It is found that the Z-dependence is dominated by the telescope inclination,
and so on the efficiency function, and the pitch angles of particles. This should be
obvious because of the scattering effect by the telescope inclination electromagnetic
waves generated in the ionosphere. Figures 11-15 show plots of the peak flux vs L.
As said above, the dotted lines represents protons and the solid lines electrons. Fig-
ure 11(a) shows that for 85° < y< 90°, in the low-latitude region, the electron peak
lies in 2 < £<2.2, whereas the proton peak lies within 1.8 to 2.0. Further, in the mid-
latitude region, proton peak lies within 2.2 and 2.4, and a second electron peak is
not found before L = 3 - 3.2 which is thought to fall in the auroral region. It may be
that some temporal effect has masked the electron peak in the mid-latitude region.

Many such features are reflected in the plots through Figures 15(b).
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Figure 10. A plot for both protons and electrons in the mid-latitude zone.
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Figure 11. (a) Proton and electron fluxes vs L-values for y range of 85° - 90°; (b) Proton

and electron fluxes vs Z-values for yrange of 80° - 85°.
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Figure 12. (a) Proton and electron fluxes vs L-values for y range of 75° - 80°; (b) Proton

and electron fluxes vs L-values for yrange of 70° - 75°.
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Figure 15. (a) Proton and electron fluxes vs L-values for y range of 45° - 50°; (b) Proton

and electron fluxes vs L-values for yrange of 40° - 45°.

5.4. Altitude Dependence

Figure 16(a) shows altitude dependence. There is a peak value within 650 < A4 <
700 km. The bottom Figure 16(b) shows the plot of y vs altitude. In this altitude
range y value is far away from y corresponding to the maximum efficiency of the
telescope. Any altitude covers the entire range of y values in Figure 16(b). This

feature needs to be investigated further.

5.5. Longitude Dependence

Figure 17(a) shows the longitude dependence. The drop in both electron and pro-

ton fluxes around 30° - 72° longitude bin is due to a few data points which is
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evident from the bottom Figure 17(b). Within 140° - 360°, longitude dependence

is virtually absent. At any longitude all the y-values are present.
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5.6. Temporal Features

An interesting effect is observed if we compare Figure 1(a) and Figure 1(b) with
Figure 18(a) and Figure 18(b). The zeros along the horizontal line are to be ig-
nored. The first set of figures shows the proton counting rates (broken line) are
much lower than the electron counting rates (solid line). The second set of figures
shows the opposite effect. Differences in longitudes cannot be a reason for the
variation of counting rates. Either temporal or altitude variation or both factors

may contribute to this effect.

5.7. Local Time Effect

Peak proton counting rates in the midlatitude region vs local time has been plotted
in Figure 19(a), and the y vs local time plotted in Figure 19(b). The reason for
the low values of the peak counting rates in the local time range 10 - 14 hrs is due
to the very high y values (-1300 - 1600) and consequently very low instrumental
efficiency during these hours (vide Figures 3(a)-(f)). It may be concluded that
local time does not affect peak counting rates.

5.8. Energy Spectra

The differential energy spectra of both electrons (solid lines) and protons (dot-
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ted lines) in the midlatitude region are shown in Figure 20 & Figure 21. These

spectral shapes were common among previous observations which showed L

dependent spectral shapes. Spectral shapes are also modulated by the minimum

mirror altitude value of the particles. The spectral shapes may further be inves-

tigated for different L values and minimum mirror altitude ranges for further

information.
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(b) Hlustrates that the repetitions of the relative variations of the maxima and minima of e and p fluxes

are related to the yangle or in other words to the instrumental efficiency.
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Figure 21. The differential energy spectra of both electrons (solid lines) and protons (dot-
ted lines) in the midlatitude region are shown.

6. Conclusion

Particle precipitation over a period of about a decade has been described with in-
creased features. The salient ones are that the global profiles of the peak counting
rates in all the zones—the equatorial zone, the low-latitude zone, the mid-latitude,
and the auroral zone—follow the minimum geomagnetic equator. At times the
proton counting rates surpass the electron counting rates and at times the oppo-
site happens. This article pertains to EXOS-C’s LEO observations that use histor-
ical databases. The temporal variation of quasi-trapped proton population near
the geomagnetic equator reveals that the peak value of the equatorially mirroring
component may increase by a factor of 50 or more between a solar maximum and
minimum conditions. Further, proton (0.64 - 32 MeV) and electron (0.19 - 3.2
MeV) populations in the said midlatitude zone show longitude and altitude de-
pendencies. The locations of the peak profiles in all three zones in Z-space depend
upon the pitch angles of particles the distribution of which shows a second peak
in addition to the one at 90° pitch angle. Particle flux does not depend on the local
time. However, there is a great relative variation in e and p fluxes detected in the
study of the seasonal variations, possibly due to the solar condition. Particle flux
variations are indicative of the presence of scattering by electromagnetic waves
generated in the ionosphere. Hopefully, the study falls in the NASA’s encourage-
ment for using historical databases from in situ spacecraft observations and/or
extended low-Earth orbit (LEO) observations to build innovative data-based spec-
ification and prediction capabilities for the global magnetosphere through appli-
cation of data assimilation tools and methods. Theoretical understanding of these
observations is in progress with the work of data analysis of other parts of the
global zones.
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