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High Energy Electrons at Altitudes 500 km

Near the Equator *

L. Just!, K. Kudela®, A.A. Gusev?, and G.I. Pugacheva?

! Institute of Experimental Physics, Slovak Academy of Sciences, Solovjevova 47, 040 00 K osice, Czechoslovakia
2 Institute of Nuclear Physics, Moscow State University, Moscow 117234, USSR

Abstract. Measurements provided by a high-energy electron
spectrometer on board a low altitude polar orbiting satellite
allowed the determination of fluxes of electrons with energy
above 100 MeV which were stably trapped or quasi-trapped
in the radiation belt at L =1.13-1.16. Relatively high fluxes
of trapped electrons at minimum-B-equator are reported,
(18,200+2,000) m~2-s~1-sr~! and (10,400+1,500) m ™~ 2-
s™1-sr™! for >100 MeV and > 300 MeV, respectively. The
sharp increase of the electron flux with decreasing B in
the region, where stably trapped particles are detected, cor-
responds to pitch angle distribution at the equator of the
form J(@) ~sin"®, where n =65+ 15. The shape of the pitch
angle distribution, together with relatively high fluxes of
electrons, supports the assumption that they are generated
due to the decay of particles produced in interaction of
high energy protons trapped in the inner radiation belt with
the residual atmosphere.

* Based on a paper given at the Symposium on Plasma and Ener-
getic Particles in the Magnetosphere, EGS Meeting, 23-27 Au-
gust 1982, Leeds, U.K.
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Introduction

Although the characteristics of electrons with energies up
to several MeV trapped in the Earth’s radiation belt at
low altittudes have been studied for many years (for in-
stance Imhof and Smith, 1965), the picture of electron pop-
ulation at higher energies is not so complete to date.

The existence of a radiation belt composed of electrons
with energies above 100 MeV was suggested by Grigorov
(1977). Further, the measurements on board Cosmos 490
and Salyut 6 confirmed this assumption (Basilova et al.,
1978; Basilova et al., 1982a, b, c¢; Galper et al., 1981).

This paper follows the works mentioned above and ex-
tends the analysis of high energy electrons in the equatorial
region using the experimental material obtained during
measurements by the apparatus SEZ-10 on board Intercos-
mos-17 satellite.
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Fig. 1a and b. Number of counts of the
telescope without the lead filter (full line) and
with the filter (thin line) corresponding to the
electrons E,> 100 MeV plus relativistic protons
and relativistic protons, respectively.
Accumulation is taken for 20 s because of low
statistics:

a region with B=(0.28540.035)-10"* T o=
89°+1°

b region with B=(0.24140.005)-10"* T a=

L 80°+1°
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Experiment

The satellite Intercosmos-17 had a circular orbit with alti-
tude 500 km and inclination 83.5°. The apparatus SEZ-10
placed on board the satellite was a spectrometer for elec-
trons with energies 0.1-300 GeV. The detector consists of
two telescopes, one of them under a lead filter with a thick-
ness corresponding to 3 radiation length units. Electrons
impacting on the filter produce electron-photon cascade
and are not registered in the detector of singly charged
particles. The flux of electrons is determined as the differ-
ence of counting rates between the telescope without the
lead filter and the one with it. The filter changed its position
periodically above the two telescopes.

(deg)
00
Hmin
1 80
400
1200
0
ol
100
Hmin
80
400
200

0 Fig. 2a and b. Registration of =100 MeV electrons ( )
and =300 MeV (——-) for passes when data recording was
possible with 0.3 s resolution. Given are L, B, minimum
altitude of mirror points H,,,, and pitch angle a.

a for 13. Dec. 1977, 15.48-16.00 UT
b for 17. Jan 1978, 08.07-08.18 UT

The telescopes consist of scintillators, a Cherenkov de-
tector and an energy detector of the sandwich type com-
bined of lead and scintillator sheets — the shower calorime-
ter. The telescope without the filter measures the flux of
electrons and protons, the telescope with the filter detects
the slightly attenuated flux of protons. The attenuation co-
efficient K=0.93 4+ 0.02 was obtained experimentally in cali-
bration by the beam of protons with energy 1.24 GeV. It
is supposed that K is independent of proton energy. The
detector of energy has 8 intergral energy levels with thresh-
old energies 0.1, 0.3, 1, 3, 10, 30, 100 and 300 GeV, respec-
tively. A more detailed description of the apparatus is pre-
sented in (Grigorov et al., 1978).

The opening angle of the telescope was 22° and the
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Fig. 3. Dependence of counting rate of electron detectors on B
for the interval L=1.13-1.16.

1.- E,>100 MeV and a=87°+3°

2.- E,>100 MeV and a=81°+1°

3.- E,>300 MeV and a=87°+3°

geometrical factor of the detector was 7 cm?-sr. The axis
of the telescope was oriented perpendicularly to the orbital
plane. This fact allowed the determination of the flux of
particles with relatively high pitch angles. For given L, the
value of the angle a between the axis of the detector and
local B depends on the longitude. For our analysis, where
L <1.4, the value of «, computed from the knowledge of
B components and orientation of the detector, had a
minimum value of 65°.

Observations

Individual passes of the satellite through the low latitude
region can give the picture of the electron fluxes which
are stably trapped or quasi-trapped in the radiation belt.
Boundaries of trapping, quasi-trapping and albedo particles
are given as lines in the -B plane or L-a,,, plane, where
®,.;» denotes the pitch angle of the particles at the peak
of the given field line. By the term ““trapped” for given
L we mean particles for which the line of mirror points
is not lower than 60 km above the Earth (Basilova et al.,
1982a) at any longitude. Albedo particles have a maximum
altitude of their mirror points at 60 km. Particles for which
B is between the values of boundaries described, are quasi-
trapped.

Here we are analyzing fragments of orbits, through the
region L=1.10-1.40. Two examples of recording of the
counting rate are given in Fig. 1. In the basic telemetry
regime they are accumulated counts in 5 s intervals in both
telescopes, with and without the lead filter. The fragments
of the orbit correspond to that part of L-B plane where
stable trapping is not possible and only quasi-trapped and/
or albedo particles can be registered here. More clearly,
the geomagnetic field model IGRF 1975 gives, for the alti-
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tude 500 km and for L=1.15, the region of stable trapping
defined above in B<0.233-10"* T and for L=1.30 B<
0.248-10"* T. The given L shell reaches the satellite at
higher B on the top pass of Fig. 1 than on the bottom
one. The difference is in the orientation of the detector.
For the upper part of Fig.1 a changes its value from
90.9°-88.9° while at the lower part a==80.0°-81.4°. The
comparison of the two passes shows the dependence of the
flux of quasi-trapped electrons on angle a.

Because of the relatively low counting rate correspond-
ing to the flux of electrons E,> 100 MeV in the quasi-trap-
ping region, the detailed analysis of the flux profile in nar-
row L intervals is impossible. Coming to the region of lower
B, where stably trapped particles may also be present, the
flux of electrons increases. The basic telemetry regime is
able to measure reliably only up to 6 counts per s, and
this makes a limit for using this regime only up to approxi-
mately H,,;,=100 km for orientations of the detector with
angle «a=90+6°.

Several orbits through the region of low B (for L up
to L=1.16, practically to minimum-B-equator) in the Brazil
magnetic anomaly were examined carefully, especially those
with an alternative telemetry regime, when counts are accu-
mulated in 0.3 s intervals. The profiles of electron fluxes
with E,>100 MeV and E,>300 MeV, respectively, ob-
tained in two passes through the region with low B are
presented in Fig. 2a, b. The flux increases sharply at B<
0.21x10"* T in comparison with that of quasi-trapped
electrons.

Combination of the two telemetry regimes gives the pos-
sibility of obtaining the altitude profile, i.e. the dependence
of electron flux on B for a given L. We have chosen the
interval L=1.13-1.16, because at these L we can measure,
at altitude 500 km, particles practically at the minimum
B value. On the other hand we must take a finite width
AL because of low statistics.

Compilation of the data obtained from 23 passes of the
L region mentioned above at various longitudes and in two
o intervals, for 5 s recordings, together with passes of the
satellite through the low B region in the Brazil magnetic
anomaly, for 0.3 s recordings, is presented on Fig. 3.

A very sharp dependence of the flux on B up to
0.24x10™* T is seen. Fitting the data for «a=90+6° as
B~ "% we obtain the value of n=65+15. From that we
can estimate the pitch angle distribution at the equator as
sin"®, where 6 is the equatorial pitch angle of the particles.
In the stably trapping region the strong pitch angle depen-
dence may also be deduced from the significant change
of flux with angle a.

Discussion and Conclusion

Analysis of 23 passes of the satellite Intercosmos-17
through the near-equatorial region allowed the determina-
tion, for L=1.13-1.16, of fluxes of quasi-trapped, as well
as of stably trapped electrons. Typical values of the quasi-
trapped electron flux are, for a=90+6°, 33+24 m~2-s~!-
st tand 27+23m™2-s"'-sr™! for >100 and >300 MeV
respectively (see the values centered near B=0.26-10"*T
in Fig. 3). No significant dependence on B was obtained
for quasi-trapped particles.

A sharp increase of flux, for =90+ 6, consistent with
B~ "2, where n=65+15, is seen for a decrease of B under
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the limit of stable trapping. The highest fluxes registered
were (18,200+2,000) m~2-s™!-sr™! and (10,400+1,500)
m~2-s"1-sr7! for >100 MeV and > 300 MeV, respective-
ly. They were detected for L=1.15 and H,,;,=420 km.

Clear dependence of the electron flux on pitch angle
is detected for the stably trapped particles.

The high fluxes of electrons registered here and the
shape of their pitch angle distribution, with the high energy
protons at the lower edge of the radiation belt, (Fischer
et al., 1977) are difficult to explain only as a result of an
interaction of primary cosmic rays with the atmosphere of
the Earth, as was suggested for fluxes of electrons registered
under the radiation belts. It is possible that the source of
relatively high fluxes of energetic electrons is the interaction
of high energy protons (E>1 GeV) of the inner radiation
belt with the residual atmosphere. Preliminary estimates
show that the results of measurements presented here are
not in contradiction with this assumption.

Further progress in understanding production and loss
mechanisms for the high energy electron component in the
equatorial region needs to extend the statistics of passes
of the satellite through the low latitudinal region as well
as careful estimation of electron production due p — e decay
of charged pions created by high energy protons from inner
radiation belt in interaction with the atmosphere. Spectral
characteristics as well as more detailed pitch angle distribu-
tions of electrons for various L in comparison with high
energy proton spectra given for instance by Hovestadt et al.
(1972) and Valot and Engelmann (1973) are needed.

Acknowledgements. The authors would like to thank Dr. S.N. Kuz-
netsov for his valuable discussions on the results presented here.

References

Basilova, R.N., Grigorov, N.L., Kogan-Laskina, E.I., Pugacheva,
G.I.: Registration of electrons with energy ~ 100 MeV trapped
by the magnetic field of the Earth. Pisma v ZETF (in Russian)
27, 278-282, 1978

Basilova, R.N., Gusev, A.A., Kogan-Laskina, E.I., Pugacheva,
G.I.: The boundaries of quasitrapping region of residual radia-
tion near equator. Kosmicheskie issledovania (in Russian) 20,
300-304, 1982a

Basilova, R.N., Kogan-Laskina, E.I., Pugacheva, G.I., Energy
spectra of quasitrapped electrons with E =100 MeV according
to data of COSMOS-490 satellite. Geomagn. Aeron. (in Rus-
sian) 22, 129-131, 1982b

Basilova, R.N., Gusev, A.A., Pugacheva, G.I., Titenkov, A.F.:
High energy electrons in the inner radiation belt of the Earth.
Geomagn. Aeron. (in Russian), 22, 671-672, 1982¢

Fischer, H.M., Auschrat, V.W., Wibberenz, G.: Angular distribu-
tion and energy spectra of protons of energy SSE <50 MeV
at the lower edge of the radiation belt in equatorial latitudes.
J. Geophys. Res. 82, 537-547, 1977

Galper, A.M., Grachev, V.M., Dmitrienko, V.V., Kirillov-Ugryu-
mov, V.G., Lyakhov, V.A., Ryumin, V.V., Ulin, S.E., Schwetz,
N.I.: Registration of enhanced fluxes of high energy electrons
in the region of Brazil magnetic anomaly. Kosmicheskie issledo-
vania (in Russian) 19, 645-647, 1981

Grigorov N.L: On the possibility of existence of Earth’s radiation
belt of electrons with energies above 100 MeV. Doklady AN
SSSR (in Russian) 234, 810-813, 1977

Grigorov, N.L., Gusev, A.A., Zatsepin, V.I., Pugacheva, G.I.,
Savenko, I.A., Titenkov, A.F., Shiryayeva, V.Ya., Dorcoman,
D., Marin, A., Blazh, K.: Spectrometer for investigation of
electrons with E, =100 MeV — 100 GeV in cosmic ray composi-
tion. Kosmicheskie issledovania (in Russian) 16, 609-613, 1978

Hovestadt, D., Achtermann, E., Ebel, B., Hiusler, B., Paschmann,
G.: New observations of the proton population of the radiation
belt between 1.5 and 104 MeV. In: The Earth’s magnetospheric
processes, B.M.McCormac, ed: p 118. Dodrecht, Holland: D.
Reidel 1972

Imhof, W.L., Smith, R.V.: Longitudinal variations of high energy
electrons at low altitudes. J. Geophys. Res. 70, 569-577, 1965

Valot, P., Engelmann, J.: Pitch angle distribution of geomagneti-
cally trapped protons for 1.2<1L<2.1. Space Res. 8, 675-682,
1973

Received November 16, 1982; Revised version February 25, 1983
Accepted March 8, 1983



