STATISTICAL PROPERTIES OF THE HELIUM EMISSION
N. N. Shefov

ABSTRACT: Statistical anlayses of the data from
observations of helium emission show consider-
able variations in the ultraviolet radiation

of the Sum during a solar cyele, and with the
period of 27 days. It was established that the
electron fluxes with energies of about 25 eV
depend on the magnetic activity.

The discovery of the helium emission 10,830 % in the radia- /64
tion of the upper atmosphere provided for determining its proper-
ties at altitudes greater than 300 km with the aid of optical obser-
vations from the surface of the Earth. It is well known that helium
emission is caused by the fluorescence of metastable helium atoms
in the solar radiation. The appearance of such atoms can occur
by several processes [1l-4]. However, the most effective process
is that of excitation by electrons with energies of about 25 eV.

The existence of electrons with energies of several tens of elec-
tron-volts in the atmosphere irradiated by the Sun was found indi-
rectly by observations of the helium emission, and was shown directly
with the aid of the satellites '"Cosmos-3" and "Cosmos-5" [5-101].
Theoretical calculations of the percentage of such electrons in

the upper atmosphere, and of their behavior, were made in a num-
ber of studies [11, 12]. These electrons are fresh photoelectrons
formed as a result of photoionization of the atmospheric atoms and
molecules by the hard ultraviolet radiation of the Sun with A <

370 8. But, in addition to such a "stationary" process for the
appearance of the electrons, it is also possible that there are
eruptive appearances of electrons with energies of several tens

of electron-volts as a result of the intrusion into the upper atmo-
sphere of corpuscular streams.

The intensity of the helium emission is directly proportional
to the flux of the electrons with energies greater than 20 eV, the
value of which, in turn, depends on the intensity of the ultraviolet
radiation and the flux of the primary electrons with energies of
several kiloelectron-volts.

Regular observations of radiation from the upper atmosphere
in the region around 11,000 ﬁ, i.e., the OH bands and the helium
emissions, were conducted at Zvenigorod, starting at the end of
1959. Some results have already been published [13]. Since the
observations were conducted by photographic methods, the intensity
of the emission 10,830 &, which changes as a result of a change
in the conditions for irradiation of the Earth's atmosphere, was
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averaged during the time of the exposure. Moreover, we should keep
in mind a number of complicating circumstances in subtracting the
helium emission. First of all, the helium emission is blended with

the @-branch of the OH band (5.2). Secondly, there are a large
number of absorption lines (caused, in particular, by water vapors)
in the spectrum for the scattering of the solar light. Although
there is no real absorption for the principal lines of the OH band
(5.2) and the helium line 10,830 R, the effect of the absorption
lines is seen as the consequence of their blurring in the scattered
solar light with the lines of the radiation, because of the rela-
tively large width of the instrumental contour. The deduction of
the intensity of the &-branch in the OH band (5.2), which is blended
with the helium emission, was made in correspondence to the inten-

sities of the lines in the P-branch and to the rotational temper- /65
ature determined according to them. These causes limit the accuracy
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Fig. 1. Comparison Between the Average Flux of the Ultra-
violet Radiation of the Sun, Calculated by the Helium Emis-
sion (¢) (Circles), and the Observed Average Flux of the
Radio Emission of the Sun (S5) (Points).

of individual measurements
for the intensity of the
helium emission. However,
it is possible to find the
average statistical proper-
ties of the 10,830 & emis-

> © iOm O sion.

UGN a0 25
o '0” &4

2 @

b Figure 1 shows the average
change in the flux of the
ultraviolet solar radiation,

g 5 20 25 5 10 75 ‘2'0‘“'2'5'“"}““,'”'“"" calculated by the helium
emission, for 1960-196Y4,
Fig. 2. Average Variations in the In this case, we used the
Ultraviolet Radiation of the Sun, data on the temperature of
Calculated for a Wave of 10.7 cm. the atmosphere according
(a) With a 27-Day Period; (b) to [14]. We showed simul-
With the Period for the Age of the taneously the change in the
Moon (29.5 Days). flux of the radio emission

of the Sun at a wavelength
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of 10.7 cm, averaged for a 27-day interval.

The relationship between the temperature of the atmosphere
and the flux of the radio emission from the Sun has already been
found with the aid of satellites [14, 15]. The dependence of the
variations in intensity of the ultraviolet radiation was also obtained

with a 27-day period [16, 17]. However, the correspondence between
the ultraviolet and the radio emission of the Sun, for 10.7 cm,
is not completely precise [18]. According to the observations of

helium emission, a certain correlation was previoulsy obtained between
the ultraviolet radiation of the Sun, calculated by the flux, and

the indices of the solar activity [13]. According to the avail-

able data, we can also find the existence of a 27-day variation

(Fig. 2b). The average position of the maximum, and its value rela-
tive to the minimum level ( ~ 1.3) correspond roughly to the direct
observations on satellites for certain periods of time [17]. However,
while it is impossible to make a detailed comparison, we will limit
ourselves to the average characteristics, since, as has been shown, /66
the measurement accuracy of the intensity is not great. It is well
known that helium blends with the @-branch of the OH band (5.2).

For this band, there is also found on the average a 27-day period-
icity for the variations in intensity and rotational temperature

[19]. We can assume that these two phenomena are independent and

that they have independent variations with the period of 27 days.

This conclusion can be substantiated by the fact that, for the cal-
culated flux of the ultraviolet radiation of the Sun (¢), on the
average there is observed a variation with the lunar period of 29.5
days (Fig. 2a). Actually, this means the presence of lunar tides,

the effect of which was not considered in calculating o. Obviously, /67
the variations with the lunar period for ¢ and the rotational temper-
ature of the OH band (5.2) are independent [19], since these values
change in the antiphase, which excludes the possibility of instru-
mental errors.

The observations in the auroral zone showed an increase in
the intensity of the X 10,830 R emission with the geomagnetic activ-
ity [20]. According to the data of the Zvenigorod station, a compar-
ison was made between the electron flux F with energies of about
25 eV, calculated by the helium emission, and the K-index, local
and planetary (Fig. 3). We can see that, when K < 4, the electron
flux remains, on the average, almost constant. Only when XK > 4
does there begin a sharp increase. Moreover, for the local K-index,
this transition usually occurs more sharply than that for the plane-
tary index. It is possible that this shows the substantial role
of the non-uniformities in the planetary distribution of electrons
with energies of several tens of electron-volts in the characteristics
near the high-latitude zones. In addition to the secondary elec-
trons of such energies, as a result of the intrusion of electrons
with energies on the order of several kiloelectron-volts, it is
possible that there is a direct intrusion of electrons with energies
of several tens of electron-volts [21], including also those from
the adjacent region of the southern hemisphere.
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Fig. 3. Calculated Flux of Electrons with Energies of about 25 eV
Versus Geomagnetic Activity. (a) Versus Local K-Index; (b) Versus

Planetary K-Index.
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