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Satellite measurements of photoelectron escape flux around noontime made by Explorer-3!
in 600-800 krn altitude range are reported for the equatorial and rnidlatttude regions. The pitch

"Ie distributions and the spectral distributions are derived frorn the data. The analysed data
an", . . h f idshow that the flux for equatorial region is lower by a factor 2 to 3 In cornparrson to t at 0 D'l~-
latitude region. Theoretical calculations of the escape flux are also made and cOD'lpared.with
the observed escape fluxes, which are about 3 x 106 el CD'l-3see eV-l for 10 eV electrons In the
equatorial region.

Introduction

THE photoelectrons produced in the i.o.nosPhere
above about 300 km altitude can escape along
the geomagnetic field lines as suggested by

Hanson", Indirect and direct evidences have been
reported for the exi~tence. of 'photoelectron escape
flux=". Theoretical investigations on the produc-
tion and escape of photoelectrons were made by
a number of workers notably by Nisbet? and Nagy
and Banks", As the photoelectrons serve as the
hea t source to the ionospheric plasma both in the
F-region and topside ionosphere, it is important to
know the pitch angle distribution and al~o the
spectral distribution for estimatin~ heat inputs.
These distributions are reported earlier by Rao and
Maier5 in the topside ionosphere for sunrise con.di-
tions from direct measurements with retarding
poten tial analysers aboard Explorer-31. The photo-
electron flux for high latitudes has also been
reported by Maier and Ra09 recorded by the s~me
probe. There is a need to know the daytime
photoelectron escape flux and their. pitch angle
and spectral distributions for low la titudes.

Theoretical studies'? have shown that the photo-
electron flux reaches steady equilibrium values from
about 0800 to 1600 hrs. Therefore, any obser-
vations available during the aboye per~od. may be
utilized to represent the daytime dlstn?utlOns.
This point is also tested from the obs.ervatlOns.

The purpose of the present paper IS to present
further observations recorded by the Explorer-31
probe relating to midday p~ot?ele~tron flux and th~ir
pitch angle and spectr~l dl~tnbutlOns for equato~lal
latitudes around noontime 111 the 600-800 km region
and compare them with those of midlatitudes.

Measurement Technique

Measurements were made with a retarding
potential analyser aboard Explorer-31. The details
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of the experiment have been described by Maier'-
and Rao and Maier". Integral fluxes above the
thresholds of 3·7, 7·0, 11·0, 15·0 and 34·0 eV energy
were available from the probe measurements.
Differential energy spectra are derived from these
values. Due to the spin of the satellite the sensor
normal scans a wide range of angles with respect
to the geomagnetic field. However, due to the
direct incidence of the sun's rays on the sensor
during part of satellite rotation, flux measurements
are not available for all angles because when the
sun is illuminating the sensor the recorded flux will
also include the electrons produced by ionization
within the sensor and hence the observed flux will
not be the real ambient flux. The flux values pre-
sented in the results are only for the conditions in
which sun is not incident on the sensor. For
example, during noontime at midlatitudes useful
measurements can be obtained when the sensor is
looking towards the earth, which means hat the
flux refers to the upgoing (escaping) photo lectrons.
Over the equatorial latitudes where the eomag-
netic field lines are horizontal useful measurements
can be obtained for fluxes moving in both
directions. The following da ta are selected from
observations made during Dec. 1965 to March 1966.
Because the sensor aperture subtends a solid angle
of about 2 steradiansand receives the fluxes from
the directions other than the one in which the
sensor normal is pointing, it should be noted that
the pitch angle distributions in the results described
in the following are average distributions and not
the precise ones.

Results and Discussion
Fig. 1 shows the variation of integral flux (E>

5 eV) with solar zenith angle (X) at 300 km base of the
geomagnetic field line passing through the satellite
location. The solar zenith angle at sunrise at 300
km is also indicated in Fig. 1. The flux observed
at the satellite position can be taken as the !lux
escaping from the ionosphere along the magnetic
field line at the same time at which the observations
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Fig. 3 shows the pitch angle distribution of
integral photoelectron flux for electrons having
energies greater than 3'7, 7, 11 and 15 eV in the
equatorial region. The energy levels listed are the
retarding potentials with respect to the vehicle and
are not corrected for vehicle potentials. By group-
ing several minutes of data we are able to obtain
fairly complete coverage of angular distribution as
shown in Fig. 3. This pass of the satellite is chosen
in the equatorial region for which magnetic latitude
starts at 10'5°N and ends at 3°S. As we have
pointed earlier, we can obtain good results only
when the sun is not shining into the sensor. For
observations taken where the solar zenith angle is
very small (as in the present case which is taken at
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Fig. 1 - Variation of integral photoelectron flux (E>5 eV)
with solar zenith angle (X) at 300 km base of the geomagnetic
field line passing through the satellite location. The solar

zenith angle at sunrise at 300 km is also indicated

at the satellite position are taken, because the
photoelectrons take a few seconds to travel from
one hemisphere along the field line to the other
hemisphere. (The 10 eV electron takes only about
8 see to travel from one hemisphere along L = 2
field line to the other hemisphere.) It is clear from
Fig. 1 that the background supratherrnal flux
(E>5 eV) is nearly constant before sunrise (1·2x
107 el cm-2 sec."). As SOonas the sun's rays appear
at the 300 km level the flux increases rapidly and
reaches a maximum value of about 1'2 X 108 el crrr?
see= within a very short period. After this the
flux value remains nearly constant during the
daytime. This shows that the flux attains a steady
equilibrium value within an hour or so just after
sunrise.

We have observed a decrease of flux over the
equatorial region. Fig. 2 shows the observed inte-
gral photoelectron fluxes at two locations of a
satellite pass taken on Feb. 13, 1966 between 1200
and 1230 hrs of local time within the altitude range
of 510-530 km. The first distribution depicted
by thin points is at the magnetic latitude 1° and
the second distribution shown by thick points is
for the magnetic latitude of 20°. This particular
pass of the satellite is selected such that the altitude
and the local time of the observations at two
different magnetic latitudes are nearly the same.
The pitch angle for the observations corresponding
to every threshold energy is nearly the same for
both locations. As is evident from Fig. 2, the fluxes
are lower in the equatorial region (1° magnetic lati-
tude) in comparison to those of the midlatitude
region (20° magnetic latitude). The ratio between
the fluxes at these two latitudes is lowest (1 :1·4)
for the photoelectrons having energy equal to or
greater than 34 eV, increases for those of lower
energy and finally becomes maximum (1:2·5) for the
photoelectrons having energy equal to or greater
than 3'7 eV.
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1400 hrs of local time), useful data can be obtained
for the directions of the sensor normals looking to-
wards the earth. In the case of equatorial latitudes
(as shown in Fig. 3) the magnetic field lines are
horizontal and the sensor normal covers 0° to 180°
with respect to the field line. So, for this region,
we can have the pitch angle distributions for all
angles from 0° to 180° with respect to the field line.
Thus in Fig. 3 the pitch angle distributions for the
photoelectron flux in the equatorial region is shown
for all angles. The pitch angle distributions in
Fig. 3 show a minimum at 90° and a maximum at 0°
and at 180° for all thresholds of energies.

Fig. 4 shows the pitch angle distributions of the
integral photoelectron fluxes in the midlatitude
region. This pass of the satellite covers the
magnetic latitudes from 31°S to 47°S and is taken
at 1330 hrs of local time on Feb. 6, 1966. The ob-
servations of pitch angle distribution cover an
angular range from 90° to 180° only with respect
to the magnetic field line. Fig. 4 also shows that
the pitch angle distribution has its minimum at
90° and maximum at 180° with respect to the field
line, which corresponds to upward direction of flux
motion along the field line.

Fig. 5 shows the spectral distribution of the
photoelectron fluxes derived from the results of
Figs. 3 and 4 for 0° and 90° pitch angles. The
spectral distribution indicates that the fluxes at
low latitudes are lower than those for the midlati-
tudes by a factor of 2 for 0° for all energies and by
a factor of 2,3 and 4 for 90° for 5, 9 and 12 eV.

We have theoretically calculated the escape fluxes
for equatorial and midlatitude regions following
the procedure given by Nisbet". The escaping flux
is dependent on the magnetic dip and is given by

c?E = r nE,,'E ~ n",cr"" exp (-~ lI",cre",H"./cos C(sin I)dzJ Z 11£ m

where ItE and VE are the number density and velocity
of the photoelectrons and m represents the mth con-
stituent of the neutral atmosphere, cr,,,, is the total
elastic cross-section, (J. is the pitch angle and I is the
dip.
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Fig. 6 - Variation of escape fluxes with altitude for photo-
electrons of energy 5, 10 and 15 eV at dip angles of 20° and
50° representing the equatorial and midlatitude escape

fluxes (theoretical)

The photoelectron densities are scaled from the
values given by Nisbet? to correspond to noontime
solar minimum conditions. The neutral atmo-
spheric densities are taken from CIRA (1965) model
for F = 75 units. The total elastic cross-sections
for different species of neutral atmosphere (i.e. 0,
O2, N2) are taken from Nagy and Banks", The
average cos C( value is taken as 3/8.
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In the present case, escape fluxes are calculated
for dip I = 200 and 500 (100 and 300 mag. latitude)
to represent equatorial and midlatitude regions.
The field lines passing over the equator at altitudes
of about 600 km reach down to 400 km at about
100 mag. latitude. As most of the escape flux origi-
nates below 400 km level, the equatorial measure-
ments roughly correspond to the escape fluxes over
100 mag. latitude.

Fig. 6 shows the variation of escape fluxes with
altitude for photoelectrons of energy 5, 10 and 15
eV. It is clear from the diagram that the fluxes
have become nearly constant with altitude at 500
km. We may compare these theoretical values
with the experimentally observed data. with regard
to their absolute values as well as their ratios. The
calculated fluxes are found to be larger than the
observed ones in both the regions. This difference
may be due to adopted values for photoelectron
densities and neutral atmosphere densities. How-
ever, the ratios of the fluxes for these two latitudes
should not be affected by these assumed models. It
is seen from Fig. 6 that the ratio between the fluxes
at 200 and 500 of dip angles is 1:5. This ratio be-
comes slightly more if the scattering of photoelec-
trons is included on the lines suggested by Banks
and Nagy-". It thus appears that the theoretical

estimates predict a decrease in escape flux in the
equatorial region by a factor of 5 compared to mid-
latitudes while the observations show a decrease
by only a factor of 2 to 3. It is possible that the
theory does not take into account all the operating
mechanisms involved in the photoelectron escape
flux. It is likely that electric fields in the iono-
sphere are important and that diffusion across the
field lines may take place so that differences in
fluxes may be reduced with latitude.

References

1. HANSON, W. B., Space Res., 3 (1963), 282.
2. COLE, 1(. D., Ann. Geophys .. 21 (1965,:. 156.
3. CARLSON, H. C.• j. geophy s. Res., 71 (1%6). 195.
4. RAO, B. C. N. & DONLEY. J. L., J. geophys, Res .• 74

(1969). 1715.
5. RAO, B. C. N. & MAIER. E. J. R., l. geoph»s. Res., 75

(1970), 816.
6. HEIKKILA. W. J., j. geophys. Res .. 75 (1970), 4877.
7. NISBET, J. S .• j. atmos . terr. Phys .• 30 (1968). 1257.
8. NAGY, A. F. & BANKS, P. M., j. geo p hys, Res., 75 (1970),

6260.
9. MAIER. E. J. R. & RAG. B. C. N .• j. geopby s. Res., 75

(1970). 7168. .
10. SHAWHAN. S. D. & BLOCK. L. P .• j. almos. terr. Ph.ys .•

32 (1970). 1885.
11. MAIER, E. J. R.. Proc . IEEE. 57 (1969), 1068.
12. BANKS. P. M. & NAGY. A. F., j. geophvs. Res .• 75 (197u).

1902.' .

201


