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It was believed until recently that the negative ions limit their elfects at night
to the height of the night E-layer (about 120 km -— cf. [1, 2, 3]). However, a
number of new studies have indicated that notwithstanding the low densities
of the negative ions, their integral abundance is significant and, taking into
account their activity in a number of basic aeronamical processes, it will become
necessary to undertake a basic re-examination of their role [4, 5, 6]. For instarce,
it is stated in [6] that at high geomagnetic latitudes the abundance of negative
ions in the F-region is sufficient for them to contribute essentially to the neut-
ralization processes, i. e. the ion-ion recombination in the circumpolar regions
between the positive and the negative icns in the high ionosphere is not negli-
gible. On that basis it would be necessary to re-examine the neutralization pro-
cesses and to assess the role of the dissociative recombination in the above geo-
graphic regions. In addition to that, as a sequence of the essential influence of
the ion-ion recombination, we should find a considerable portion of oxygen atoms
in a O(D) state, which are emitted by the red oxygen line Ay 6300 A in the spec-
trum of the night airglow. However, this line is generated also at the dominant
neutralization mechanism — the dissociative recombination which also leads
to considerable O(*D) densities. It has been pointed out in [4, b] that the nega-
tive ion densities in the F-region are so low that their role in the neutralization pro-
cesses and in the generation of the red line is negligible. The aim of our present
work was to create a model for the altitudinal and seasonal variations of the coe-
ficient of the negative ions & in the F-region, through which to provide objecti-
fication for the examination of that problem, both for the aims of the studies
of the neutralization processes and of night airglow and for the independent mor-
phological investigation of the ionosphere, the analysis of the night plasma-
sphere included.

Initial data for the development of models for the variations of the nega- -
tive ion night coefficient in the high and outer ionosphere in the work under-
taken will be provided by the international models for the neutral atmosphere — .
CIRA 72 (see [7] and for the ionosphere [8]). The CITRA-72 model has many de- -
ficiencies, particularly under low solar activity, but we shall not dwell on them -
here. Similar is the situation with the International Model for the lonosphere

(8], which is still far from being a unified representation of the average
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night conditions. In particular, we showed a group of Bulgarian ionospheric
models in [9] which, at medium geographic latitudes at least, offer better appro-
ximations to the real ionosphere. Particularly convenient for the above-maxi-
mal, outer ionosphere, in which the negative ions have their influence, is the mo-
del developed in [10] which provides for convenient analytical calculations.
Notwithstanding the deficiencies of the international models, at the present
- stage they are the only internationally accepted approximation to reality, and
on that account they are at the basis of the present work.

The generation of the negative ions takes place mainly through the radia-
tive attachment reaction, and these ions are almost entirely of the atomic oxy-
gen om account of its familiar electron affinity

) Ote—O+hv, X,

wﬁere v is a continuum photon (A< 8463 A), as the coefficient K; of {1} is in
accordance with [11]: K;=1.3X10-1 cm3s-1, Part of the negative jons disap-
pear by an associative detachment reaction

() ' 0~ +0=0,te", K,

where the velocily K,=1.4X10-1 cmPs-1 [12], while the other essential part
is involved in the ion-ion recombination:
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where the velocity Kg==1.5x10-7? cm3s-1 [5, 13]. -
Consequently, the equilibrium equation of the negative oxygen ions in the
F-region for the photochemical processes in -first approximation will be
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where R,(h)=[0*]/N,, and N, is the electron density which, just as [O], [O*]
and Re, is a function of the altitude A.

The models for the [O0-] distribution can be obtained from {5} by using the
profiles for [O,] () for the CIRA-72 model under different conditions and the
model for O* (k) irom [8]. For the sake of convenience we here propose models
for the coefficient of the negative ions A determined by

[T KfO]
Bl YW T RIOMHKs0 T

From [7, 8] we can obtain averaged approximating models for the varia-
tions of A which may be applied to concrete profiles Ne(h) obtained, in order to
calculate the density [O-] by means of (6). Of course, this will be a first appro-
ximation which makes it possible, under any normal conditions, using a pro-
file Ne(h) obtained from vertical probing (with ionospheric stations or rockets),
from the incoherent scatter, or by any other method, to determine the profile
of the negative ions [O~]{by using a model for the standard averaged values
of &. Likewise, using such a model of 4, it is possible to restore any value for
[O-] at a given altitude, geographic conditions and phase of solar activity.
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The data on N, and [O*] in [8] are provided for two levels of solar activity —
at R=10 and at R=100, where R is the average monthly number of the sun-
spots. The transition from these data about the solar activity to the parameter
used in [7], namely, the exospheric temperature (Tex)is done as in [14], accor-
ding to the following dependence
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(7) Toxm=5134+3.4 R,

Hence at R=10 we have T.z=550 K, while at R=100 the corresponding
Tex~900 (in first approximation, according to the available dataon T, in [7D).

The models obtained for the variations of 2 according to initial data of the
international models [7, 8] for 00:00 h local time have been shown in Fig. 1 —
for the 6th month at ¢=45° and for both levels of solar activity, in Fig. 2—for
‘the 9th month and ¢=45°, in Fig. 3 — for the 12th month and ¢=45° and in
Figs. 4 and 5 — for the months of June and January, respectively, though at
o=18" .

From Figs. 1, 2, 3, 4, 5 it is possible to deduce the Iollowing principal laws
telated to the altitudinal, latitudinal, cyeclic and seasonal specifics of the coeffi-
Llent of the negative ions A: '

. L. The mazimum value of A is-at the beginning of the F-region where, under
any conditions up to altiftides of 220 km we gave

g | K303 K4[0%].
.. 1t follows in this case that Seta wtht
2 : ]
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9. The absolute values of & in the F-region are rather low and they always
remain below the value of 0.93x107° X

3. At low solar activity for the sector hzhoF the distributioq of x(h)'ls
close to the exponential one, with the exception of the equirtoxes. With the rise
in the solar activity there occurs a considerable complication in the i) profile,
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showing a number of extrema and inflex reglons in the summer and at the equi-
nox periods.

4. The rise in the solar activity is accompanied by a sharp rise in the values
of &, the rise reaching one order and more for the above-maximal outer ionosphere.

. Since the model value of R for high activity used by us, R=10G, is far from being
maximal, it follows that & may have higher values as well, though always lower

“than the limiting value (9). :

» 5. At mid-latitudes the seasonal run shows maxima of % for most of the
F-region during equinox and two slightly outlined maxima during the surmmer
and winter. - _ ang gl ITRinEI-S _

. 6. The A(h) profiles for relatively low geographic latitudes {p=18") are ge-
‘nerally of the same nature as at mid-latitudes and bear confirmatiomn for the re-
gularities 1, 2, 3 and 4 mentioned above. s Euigwy 1

7. Under low solar activity A shows no particular geographic variations in
the latitudinal interval of 18 to 45°. At high activity the increase in the geogra-
phic latitude within the above interval is accompanied by a rise in A as well.
~_ The absolute values.of the night densities of the negative ions [O~] are of
particular interest. By way of example, Fig. 6 shows the respective altitudinal
profiles [0=](h) for 00:00 h of the month of June at @=45° for both levels (R=
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=10 and R=100) of the solar activity according to the data for A in Fig. 1 and
the electron density model [8]. 1t is obvious that there isa considerable increase
in the ifon density [O~1 at-high solar activity. The total number of the nega-
five ions in the F-region
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is'obtained in the order of 107 ions per column of 1 em? cross-section (in the example
.examined from Fig. 6, this number at R=100 is approximately 3.35% 107
cm~*). According to the data in [1,2, 8], the averaged abundance of negative ions
in the vertical column of the night D-region is about 108 up to several times
10" em=2, the total amount of O- ions in the vertical column varying from 108
to 10° em~2. It is obvious that the total abundance of O~ negative ions in the
D-region and in the F-region is comparable during the night, notwithstanding
~the very low densities of these ions in the high ionospliere. Of course, the integ-
ral number of the negative ions in the night D-region is appreciably larger than in
the night F-region, mainly at the expense of ions heavier than the O- ion.
It should be pointed out that there are only assumptions about the densi-
- ties of the negative ions in the night F-region in the equatorial and circumpolar
-regions. It has been assumed in [6], for instance, that the role of the ion-ion re-
combination and of the negative ions increases poleward, because there is a den-
‘sity increase of atomic oxygen compared to molecular oxygen. It is obvious that
this will raise A and O-, but at the rather frequent excessive increases of the elec-
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tron density at high geographic latitudes » will decrease to ils value at average
conditions. | LI . -

The low ion densities of O may lead to certain interesting effects, parti-
cularly in the case of local measurements. For instance, if we compare the local
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intensity of the night airglow obtained from the dissociative 1800 and from the
ton-ion recombination Ziago we shall obfain the following expression:

":i 37 _A ’ B 500k 1 K101 [O+] [+ B}
! g s00 Aezep AssmlX {014 K,{01n10,)} :

(11}

where JB(;‘L)-"—‘&?'1 7Moo coefficients y; and y, are the rates of recharg-
o alNe-i— asNe 1 S i T2 g

ing the oxygen and nitrogen molecules respectively with the oxygen atomic
ions, while d; and o, are the coefficients of dissociative recombination of

OF and NO*; A=0.0091 ™1 Agage=0.0069 s~ p=0.12.

Under different conditions the ratio (11) becomes equal to or bigger than
unity for k£ equal to 500-800 km. Under the average conditions of the examined
models for a height of 600 km the ratio (11) is 6, and this signifies that at these
altitudes there is a decisive predominance of the ion recombination over the dis-
sociative one, and the local airglow is defined irom the ion-jon recombination.
However, the local intensity of this airglow is much lower than thatat altitudes of
900 to 300 km where the predominant generating mechanism of the red oxygen
line is the dissociative recombination. That is why, the examination of the ion-
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-ioft recombination only at high altitudes (> 500 km), is justified taking into
account the local problems.

It is of essential significance that at very high solar activity the recombina-
tion of O* at altitudes of about 600 km is determined practically by the commen-
surate action of the ion and radiative recombination. The ion-ion recombina-
tion in this important night transition region to the plasmasphere is not negli-
gible as compared with the radiative one and is considerably more intensive than
the dissociative one.

In conclusion, we have developed model profiles under different condi-

tions of determining the coefficient of negative ions A. These averaged model
profiles may be used to obtain the profiles of the negative ions in the F-region
by using N(h)-profiles which are multiplied by the closest in conditions A(h)-
profiles. By way of example we have shown also a [0~] (h)-profile for averaged
conditions in which we also determined the integral amount of negative ions
“in a vertical column | em?® in cross-section in the night F-region. The quantity
obtained is commensurate with the corresponding number of ions [O-] in a ver-
tical column of the night F-region. We also showed a number of local cases in
which it is of essential significance to take account of the negative ion
effects,

Appreciation is (ue to M Gogoshev and Ts. Gogosheva for the discussions held
with them on certain aspects of the work dope.
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OrpuiaTesbhipe Honsl B HOUROH [F-008aCTH

K. B. Cepagunmos

(Peswwue}

Henonbays MemKIyHapoaHble MOAE/H Hefitpadibtoli atMocdepel H woHocdepsl,
B paboTe pelieHbl YypaBHEHUS fanamca IS OTPHUIATENbHEX MOHOB B F-ofnactH.
TTonyuen Ko3(pUUHEHT OTPHUATEILHBIX HOHOB %, MaKCHMaJfbHOE 3HayeHme KoTo-
pOro He NpeBbIIAeT 1.10-%, Crenanbl BLIBEOAB 00 OMHA2EMBEIX CE3OHHBIX H OPG-
CTPAHCTBEHHBIX BapHaUHAX A

JlaHa OUEHKA WHTErpPajibHOH TJOTHOCTH OTPHIATEILHBIX IIOHOB HA BBHICOTE
cppie 160 kM nopsiaka 107 cm~?. Jlauo cpaBHenue JIOKAJbHON HHTEHCHBHOCTH
cpevueHus HouHoTO Heba, ABASOIErccs pesy/bTaTOM AMCCOLMATHBHOI M HOHHO-
wonmol pexowOuauun. Bxaan ofoux MeEXanusMos cousMepHuM Ha BHCOTaX
500—600 kM.
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