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Abstract. In this paper, we numerically estimate the
nitric oxide density in auroras, using photometric data on
427.8, 557.7, and 630.0 nm emission intensities. The data
were obtained at midnight at observatories of the Polar
Geophysical Institute. These estimates were made using a
numerical modeling procedure with a time-dependent
model of the auroral ionosphere [Dashkevich et al.,
2017]. It is shown that the NO density in the maximum of
the altitude profile is between (1+3.3)-108 cm™>. The ob-
tained estimates indicate the absence of a correlation

between the [NO] .. Values and 427.8 nm emission in-
tensities.
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INTRODUCTION

The nitric oxide (NO) as a small component of the
atmosphere plays an important role in the cycle of
physico-chemical processes occurring during auroral
electron precipitation in the ionosphere. There are no
direct mass spectrometric measurements of NO den-
sity in auroras. The NO content in the auroral region
was estimated by analyzing rocket measurements of
ionic composition in the atmosphere or NO, continu-
um intensity in the 520.0 nm emission [Sharp, 1978;
Swider, Narcisi, 1977], as well as satellite measure-
ments of NO intensity [Gerard, Barth, 1977; Gerard,
Noel, 1986; Rusch, Barth, 1975; Siskind et al., 1989;
Solomon et al., 1999; Stevens et al., 1997]. Figure 1
shows the [NO] altitude profiles obtained from meas-
urements made directly in auroras. We can see that
[NOQ] in the profile maximum can vary in the range of
10'-10° cm™>.

Dashkevich and Ivanov [2017] have described in de-
tail a method capable of estimating [NO] in auroras

from measurements of ING N; (BZ;)391.4 nm, Ol

(*s) 557.7, and OI (*D) 630.0 nm emission intensities.
This method relies on the fact that NO is an ion absorb-

er O;: O;+NO —NO"+0,, whose dissociative re-
combination O§+e—>0(18)+0(1D) is one of the

major sources of atomic oxygen in the 'S state, which,
in turn, is a source of the 557.7 nm emission. In this
paper, we present the [NO] estimates obtained from

auroral measurements of ING N, (BZZJ) 427.8 nm, Ol

(*S) 557.7 nm, and OI (‘D) 630.0 nm emission intensi-
ties. The estimates were made by modeling the redistri-
bution of internal freedom degrees of the excited atmos-
pheric gas energy released in the ionosphere due to au-
roral electron precipitation. Using the measured 427.8,
557.7, and 630.0 nm emission intensities, we recon-
structed the energy spectra of precipitated electrons and
[NO], which represented the auroral emission intensities.
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Figure 1. NO density as a function of height: asterisks in-
dicate data from [Sharp, 1978] obtained from [No*]/[o;],

the dashed line shows data on the NO, continuum emission
intensity from [Sharp, 1978]; solid lines, data from [Swider,
Narcisi, 1977]

MODELING RESULTS

To estimate [NO], we have used photometric obser-
vations of 427.8, 557.7, and 630.0 nm emission intensi-
ties in auroras. The observations were made at observa-
tories of the Polar Geophysical Institute in 1998-2001.
Data on emission intensity at zenith were acquired at
midnight, with aurora glowing and in the absence of
cloudiness. The experimental data set contains 1335
measurements in eight nighttime series of observations
at Lovozero Observatory (®'=64.17° N) and 1200
measurements in eight nighttime series at the Tumanny
Observatory (P'=65.24° N). Details of the experimental
data processing are given in [Dashkevich et al., 2006].
Here we note only that the 427.8 nm emission intensity
is in the range 0.1-2 kR. The measurements averaged
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over the two stations and grouped in 427.8 nm emission
intensities are presented in the first three columns of
Table 1. The range of the 427.8 nm emission intensity
variation is divided into intervals of 100 R.

[NO] and 427.8, 557.7, and 630.0 nm emission intensi-
ties in the electron precipitation region were calculated
using a numerical modeling procedure with the physico-
chemical model describing the interaction between the
main excited and ionized atmospheric components during
electron precipitation [Dashkevich et al., 2017]. The model
is based on the data available in the scientific literature and
contains 56 physico-chemical reactions, including 23 reac-
tions involving the odd nitrogen NO, N(“S), N(*D), N(P),
N*, and NO*. The reactions included in this model and
describing the redistribution of the auroral electron energy
released in the ionosphere are listed in Table 2. A distinc-
tive feature of this model is a method for calculating verti-
cal profiles of atmospheric gas excitation rates, which is
based on the functional allowing us to analytically relate
the altitude profiles of excited atmospheric components to
the energy spectrum of precipitating electrons [Sergienko,
Ivanov, 1993]. The numerical model calculates the altitude
profiles of density of ionospheric components N,", O,"
0*(*s), 0*(*D), O*(*P), O(*D), O(*S), N(*S), N(*D),
N(P), NO, NO*, N¥, No(A%%,"), No(B’y), No(WA,),
No(B%,), No(C3L,) and electrons in the auroral iono-
sphere; the temporal dynamics of density of ionospheric
components; altitude profiles of intensity of the main auro-
ral emissions, including 427.8, 557.7, and 630.0 nm. Since
the model ignores transfer effects, it can be applied to E
and lower F layers of the ionosphere. Input parameters of
the model are a model of the neutral atmosphere and pa-
rameters of precipitating electron flux.

In this work, we use the model of the neutral atmos-
phere MSIS-90 and the energy spectrum of precipitating

electrons in the form of Maxwellian distribution

N(E)=N,Eexp(-E/E,)/E;, (1

where Ny and E, are the precipitating electron flux at the
upper boundary of the thermosphere (cm2s?) and the
characteristic energy (eV) respectively.

The procedure for reconstructing the [NO] vertical
profiles, described in detail in [Dashkevich, Ivanov,
2017], consists of two stages. At the first stage, we de-
termine parameters of precipitating electron flux (1),
specified in the model, namely the characteristic energy
Eq and the particle flux N, which provide the 427.8 and
630.0 nm emission intensities observed in the experi-
ment. The characteristic energy Ej is estimated from the
experimentally obtained intensity ratios lgsg.o/l427.5. AS
can be seen from [Dashkevich et al., 2006; Dashkevich,
Ivanov, 2017; Eather, Mende, 1972; Rees, Luckey,
1974], lgzgoflsrzg is virtually independent of Ny and is
determined by Eo. Moreover, Dashkevich and lvanov
[2017] have shown that lg39.0/1427.5 IS also independent
of [NO]. Figure 2 shows the E, dependence of lg39.0/
l4,7.¢ We use, which was calculated according to the
physico-chemical model of the ionosphere [Dashkevich
et al., 2017]. Values of N, fluxes are found from the
condition

o
42718 =

No[f leg?g
where I, is the experimentally measured 427.8 nm
emission intensity (cm?s™); n%e (E, h)dEdh is the vol-

ume emission at 427.8 nm, produced by precipitating elec-
trons with energies from E to E+dE at a height h in a layer
dh thick; Ey is the characteristic energy (eV).

(E, h)E exp(—E/E, ) /E;dEdh,

Table 1
Modeling results
lizzg, P | lssz7, R | lgaog, Pt | Eo, €V | N, 20°cm?s ™ | [NOJpmo 20%em™® | 15577, R

exp. exp. exp. calc. calc. calc. calc.
150 782 273 1039 0.5 1.6 780

250 1330 365 1116 0.8 1.6 1330
350 1845 403 1291 0.9 18 1845
450 2437 475 1370 11 1.7 2432
550 2945 490 1541 1.2 2.3 2941
650 3551 544 1607 1.3 2.2 3543
750 4075 650 1559 15 2.2 4072
850 4930 609 1780 15 15 4927
950 5567 578 1987 15 14 5554
1100 6683 737 1858 1.9 1.0 6679
1350 7755 744 2102 2.0 1.7 7754
1700 9243 745 2465 2.1 33 9223
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Table 2
Reactions of interaction of atmospheric ions with excited components in auroras
N; 0*(?P) N(“S)
N; +0, > N, +0; 0" (*P)+N, 0" (“S)+N, N(*S)+0, - NO+O
N; +O— N, +0*(*S) 0" (*P)+N, > N; +O N(*S)+NO — N, +0
N} +0O — NO* +N(’D) 0'(*P)+0 > 0" (“S)+0 N(?D)
N; +NO — N, + NO* 0" (*P)+0, »0; +0 N(?D)+0, — NO+O(*P,'D)
N; +e — N(“S)+N(°D) O"(*P) > O (*D)+hv N(’D)+0 — N(*S)+O(*P,'D)
0; 0" (’P) > O"(*S) +hv N(?D)+NO - N, +0

0; +e —O('S) +O('D) O'(*°P)+e >0 (D) +e N(’D) +NO — N(*S) + NO
0} +N(*S) = NO* +0O(*S) O'(°P)+e >0 (*S)+e N(?D) +e — N(*S) +e
0} +NO — NO* +0, o('D) N(%D) —> N(*S)+hv
O; +N(*D) > NO" +0 O(‘D)+N, »>0+N, N(2P)

0*(*S) o('‘D)+0, »0+0, N(*P)+0, - NO+0('S,'D,*P)
0" (*S)+N, — NO" + N(*S) o(*'D)+0—»>0+0 N(?P)+0 — N(’D)+0
0" (*S)+0, >0} +0 O(*'D) - O+hv N(*P) - N(*D) +hv
0" (*S)+NO - NO* +0O O('D)+e—>O+e N(*P) = N(*S)+hv

O (°D) o('s) N(*P)+NO - N, +0O
O'(°D)+N, - N; +0 0('S)+0—»0+0 N*
0" (°D)+N, — NO* + N(*S) O(*S) —> O(*D) + hv N*+0, »>0," +N('S,’D)
0" (’D)+0, -0} +0 O(*S) > O+hv N* +0, — NO" +O('D,'S)
0" (°D)+0, —» 0" (*S)+0, 0(*s)+0, >0+0, N*+0, - 0" (*S)+NO
0" (*’D)+0 —0'(“S)+0 0(*S)+NO — 0+ NO N*+0— 0" (*S)+N(*S)
0" (’D)+e > 0O"(“S)+e NO* N, (A’Z))
0'(*D) > 0" (“S)+hv NO* +e - O+N(*S,?D) N, (A’Z))+0 — N, +0('S)

Note. Reaction rate constants are shown in [Dashkevich et al., 2017].
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Figure 2. The intensity ratio lg39.0/1427.8 Versus Eq

The Ey and Ny values thus determined provide the
experimentally observed intensities 1,75 and lggo for
precipitating electrons with the given energy spectrum
in the form of (1).

The second stage involves calculating altitude pro-
files of the 557.7 nm emission intensity and respective
vertical distributions of [NO]. The absolute values of

[NO] for each event are determined by the condition
that the best agreement is obtained between the calcu-
lated values of lss77 and those measured in the experi-
ment. The [NO] vertical profiles thus modeled are de-
picted in Figure 3. The calculated values of [NO]a in
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Figure 3. Modeled altitude profiles of [NO]. Each curve
corresponds to one pair of ratios lgzg.o/l427.8 and lss7.7/1427 ¢
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the maximum of the altitude profile are shown in Table 1.
For comparison we give the modeled values of Iss; 7.
Estimates of [NQO] in auroras, obtained from photomet-
ric measurements of ly7g, Iss77, and lgzg o, are seen to be
within (1+3.3)10% cm™ for 1,75 ranging from 0.1 to 2 kR.
The results agree satisfactorily with the [NO] estimates,
obtained from the analysis of the ion composition in
auroras, measured in rocket experiments [Sharp, 1978;
Swider, Narcisi, 1977].

It should also be noted that the results we got indi-
cate that there is no direct correlation between 14,7 ¢ and
[NO]max- This fact has been discussed by Gerard and
Barth [1977]. The cause of the absence of this correla-
tion can be explained by the long lifetime of NO, which
can accumulate in the ionosphere. Therefore, [NO] in
each particular aurora may be determined not only by
the duration and intensity of precipitated electron fluxes,
but also by the duration and intensity of auroral activity
preceding the event under study.

CONCLUSIONS

This paper presents numerical estimates of the NO
content in auroras, obtained from ground photometric
measurements of 427.8, 557.7, and 630.0 nm emission
intensities in the midnight sector of the auroral oval. We
have shown that [NO] in the maximum of its vertical
profile [NOJmax is within (1+3.3)-10° cm™. We found no
direct correlation between [NO]. and 427.8 nm emis-
sion intensities.
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