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Electron Flux Formations at Middle Latitudes
in the Surface Dose of Spacecraft
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In this work experimental data on electron fluxes with energies of 30-500 keV obtained from the ACTIVE
satellite experiment (INTERCOSMOS-24 in 1989-1990, altitude from 500 km up to 2500 km) and ones with
energies 0.3-1.0 MeV obtained onboard the MIR station (SPRUT-VI experiment in 1999, altitude from 350 km
up to 400 km) are presented. The distribution of electron fluxes at low and middle latitudes and the influence of
charged particles on surface layers of materials and film coverings are investigated. The comparison with results
of other satellite experiments reveals the time and spatial stability of electron flux enhancements at L =1.2-1.8.

Nomenclature
E, = energy range for electrons
E, = energy range for protons
H = altitude of the satellite above the Earth
I = orbitinclination
L = so-called L-shell parameter (L = requator/ REartn)

L

N the present study we analyze the influence of low-energy

charged particles (mostly electrons with energy up to 1 MeV)
on surface layers of materials and on film coverings. These par-
ticles are regularly registered in the inner radiation belt of the
Earth by different spacecraft. We analyze electron flux data ob-
tained from the ACTIVE (INTERCOSMOS-24) satellite experi-
ment (E, <500 keV, orbit altitude H =500-2500 km, orbit incli-
nation / =81 deg), the SPRUT-VI experiment onboard the MIR
station (E, =0.3-1.0 MeV, orbit altitude H =350 km, orbit in-
clination / =51.6 deg), and the SAMPEX satellite experiment
(E, > 150 keV, orbit altitude H =520-670 km, orbit inclination
I =82 deg). These electrons were measured at geomagnetic index
L <?2. The electron flux data were used for calculation of surface
dose (thickness of layer of materials up to 10-20 um) and the dis-
tributions of surface dose and electron spectra were constructed for
altitudes 500-1500 km. The authors’s results were compared with
results of calculations based on the average electron flux distribution
(AE8) model. It is concluded that the contribution of middle-latitude
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formations unaccounted for in previous models is insignificant at
low altitudes (<600 km) (Ref. 1).

IL.

In this paper a detailed analysis of electron flux data obtained
onboard the ACTIVE (INTERCOSMOS-24) satellite is presented.
Electrons were registered with single Si surface barrier detectors.
The diameter and width of each detector were 8 mm and 300 um
correspondingly. The geometric factor of electron detectors was
0.03 cm? sr. Three pairs of detectors measured electron fluxes at
different angles (99, 69, and 39 deg) with respect to the zenith axis
of the satellite. All detectors were protected by Mylar® foil to stop
protons with energy E, < 500 keV. The period between subsequent
electron flux measurements was 10 s. The peculiarities of the satel-
lite orbit allowed analysis of electron distribution in a wide range of
altitudes. The ACTIVE satellite was launched into a 500 x 2500 km
orbit with an inclination of 81 deg. The detectors of the ACTIVE
investigation measured electrons in seven energy channels from 30
to 500 keV.

The detectors did measure just electrons with energies of tens and
hundreds of MeV. This could be concluded from the two following
figures. Figure 1 shows the probability of electron energy absorption
depending on the thickness of absorbent. The dashed line marks the
thickness of detectors used in the ACTIVE experiments. Itis obvious
from Fig. 1 that for electrons with energies up to 250 keV (i.e., for
energy channels 1-6, excluding the last, highest energy channel) the
effectiveness of electron registration comes to 90%.

High-energy protons do not contribute the measured electron
fluxes at selected areas. It is seen from Fig. 2 that high-energy pro-
ton counts are negligible (<10 particles per second) in comparison
with electron counts (200-300 particles per second) (Ref. 2).

Instrumentation

III. Observations

Electron fluxes in the inner radiation belt have been observed in
different experiments since the 1980s (see Fig. 3). Previous experi-
ments revealed the existence of electrons at L = 1.2-1.8 (Ref. 3).

Comparison of the mentioned experiments shows that locations
of observed electron precipitation zones are similar. These zones
have temporal and spatial stability.

Examples of electron flux registration in the SAMPEX campaign
at different L values are presented in Fig. 4. The existence of elec-
tron flux enhancements at L = 1.2-1.8 is obvious from Fig. 4. We
see a broad weak peak around L = 1.3, a relatively narrower peak
near L = 1.7, and another narrow peak near L =2.5. Here is clear
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Fig. 1 Probability of electron registration with a single Si-surface bar-
rier detector depending on electron energies and thickness of absorbent.
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Fig. 2 Proton flux intensities for protons with energies 30-65 MeV
observed on board CORONAS-I satellite (altitude 500 km).

evidence that multiple areas of localized precipitation persisted for
at least tens of minutes.*

The narrow peak could be produced by electron interaction with
the lightning-generated waves as they first cross the magnetic equa-
torial plane (at relatively low L) and before they are reflected. The
differences would be due to the latitude of the lightning, to the
density gradients in the ionosphere, and to the dependence of pre-
cipitation flux on L value.

IV. ACTIVE Experimental Data

The time history of the electron intensity for each energy channel
on the ACTIVE satellite is presented in Fig. 5. Two electron en-
hancements in the L region from 1.2 to 1.8 with maximo at L = 1.5
are observed.

The next conclusions follow from the observation of experimen-
tal data processing: the longitudinal borders and shape of electron
flux registration are stable in time and space for the different year
experiments. This proves the existence of a constantly operating
mechanism. Electrons are registered at low and middle latitudes at
L =1.2-1.8 with maximum intensities at L values approximately
1.3-1.4 and 1.7-1.8.

The next step was the investigation of electron flux distribution
as a function of altitude. The wide altitude range allowed compar-
ing zones of electron registration and electron spectra at different
altitudes.

Electron flux distribution in geographical coordinates at L = 1.2—
1.8 for different altitudes is presented on Fig. 6. These maps were
constructed using ACTIVE satellite data. Not taking into account all
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Fig. 3 Areas of registration of
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lowing experiments: a) SPRUT-
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230 b) CORONAS-I satellite experi-
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Fig. 4 South-to-north pass of SAMPEX.

experimental data at L > 2 and in the region of the South Atlantic
anomaly, the position of electron flux precipitation at selected L
values and the dependence of these zones on altitude (500, 700,
900, 1100, and 1300 km) are shown.

The value of electron energy is 30-500 keV. (Every section of
the figure is plotted for the whole energy range.) The following is
obvious from the figure:

1) Zones of electron flux registration under the inner radiation belt
exist constantly in an altitude interval from 350 km (see preceding
figure based on other satellite experiments) up to 1300 km.

2) Electrons are observed at L = 1.2—1.8 both in northern and in
southern hemispheres.

3) The longitudinal size of the zones practically does not de-
pend on altitude up to 1300 km, at higher altitudes the electron flux
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Fig. 5 Time history of the electron flux intensity at the ACTIVE satellite.
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Fig. 6 Electron flux distribu-
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becomes larger all over the latitude—longitude plane and it is difficult
to allocate the selected formations.

Electron spectra at different altitudes from 500 to 1000 km in
two L zones, L =1.2-1.5 (upper panel) and L =1.6-1.9 (bottom
panel) are presented in Fig. 7. It is clearly seen that the electron
flux value increases with the altitude (10 times more at 1000 than at
500 km). The results obtained in the ACTIVE satellite experiment
are compared in Fig. 8 with other experimental data and with AES
MIN and AE8 MAX models. Electron spectra obtained on board the
MIR station (SPRUT-VI experiment) and the SAMPEX satellite
and ACTIVE satellite experiments are presented. These satellites
and the MIR station were launched on different orbits, so there
are experimental data for a wide altitude range. SPRUT-VI data
give the minimal value of electron flux as the data were obtained
at 350-km altitude.> ACTIVE satellite data allow comparison of
electron fluxes at different altitudes from 500 up to 100 km. At
1000 km altitude the electron flux has the value of AE8 model
flux.

V. Absorbed Radiation Dose

In terms of these data, the observed radiation dose values were
computed for the ACTIVE satellite orbit for two values of alti-
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Fig. 7 Electron spectra at L =1.2-1.5 (upper panel) and L =1.6-1.9
lower panel) plotted for different altitudes from 500 to 1000 km with a
step of 100 km.

tude (500 and 1000 km). The results of computation of the an-
nual absorbed radiation dose in Si at different thicknesses (shown
at long axis) of an infinite flat Al shield for electron fluxes for
500 km (bottom) and 1000 km altitude (top) are presented in
Fig. 9. It is seen that contribution to absorbed dose of middle-
latitude electron formations in the inner radiation belt at L =1.2—
1.9 increases with the altitude and it is important to take it into
account.
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Differential electron energy spectra: E, keV
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Fig. 8 Electron energy spectra compared with AESMAX/MIN models: a) 1, SPRUT-VI data for L=1.2-1.4 (bottom) and L=1.6-1.8 (top)
(altitude = 350 km); 2, AES MIN (top) and AE§ MAX (bottom) models data accordingly; 3, SAMPEX data for L =1.2-1.4 (bottom) and L=1.6-
1.8 (top) (altitude = 600 km); and 4, ACTIVE data for L =1.2-1.4 (bottom) and L =1.6-1.8 (top) (altitude =550 km); and b) 1, ACTIVE data for
L =1.2-1.4 (bottom) and L = 1.6-1.8 (top) (altitude = 1000 km); and 2 and 3, AES MIN and AE8 MAX model data accordingly.
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Fig. 9 Absorbed electron doses for various spectra of electron flux at
500 and 1000 km.

VI. Conclusions

Spacecraft were exposed to the impact of charged particles almost
at low and middle latitudes (L-shell value from 1.2 to 1.8). The
contribution of middle latitudes electron formation increases with
the altitude and is 10 times greater at 1000 km than at 500 km. For
a more correct estimate of the absorbed radiation dose value, the
improved AE8 model for low energy values would be useful.
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