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PHOTOMETRIC MEASUREMENTS OF THE O. U.V. NIGHTGLOW

J.-C. GERARD*
Laboratory for Atmospheric and Space Physics, University of Colorado, Boulder, CO 80302, U.S.A.

(Received 29 July 1975)

Abstract—Measurements of the 0,(4°Z — X°X) Herzberg system in the night airglow have been
made with the ESRO TD-1 satellite in the wavelength range 2400-3100 A, The slant emission rate
varies from 35 to 15 kR, indicating an irregular structure of the atomic oxygen near the turbopause.
A statistical maximum intensity is found near the tropic in the winter hemisphere. The intensity
profile is consistent with excitation by three-body recombination of oxygen atoms. The observed
total emission rate can be accounted for by reasonable atomic oxygen densities and an O,(4°Z)
production efficiency of about 207%; if quenching by N, occurs at the rate deduced from laboratory

and other airglow measurements.

INTRODUCTION

The ESRO TD-1A satellitew as launched into a
quasi-polar, synchronous orbit in March 1972.
The $2/68 u.v. telescope on board was designed to
scan the sky and to provide spectrophotometric
data for several thousand hot stars (Boksenberg
et al., 1973). In accordance with its astronomical
aims, the telescope was normally pointing toward
the zenith at a constant altitude of about 540 km.
However, during the winter period, December
1973-January 1974, the spacecraft was spinning
about the stabilized axis at the rate of 1-89 deg/sec.
Consequently, the optical axis of the telescope
scanned a plane parallel to the terminator. Due to
the precession of the orbit (1 deg/day), the satellite
always crossed the twilight plane near the geo-
graphic equator. Asthespacecraft moved away from
the equator, the solar zenith angle of the observa-
tions varied from 90° to more than 130°. The
experiment was turned on at high latitude in the
dark sector and turned off when the plane of ob-
servation approached the terminator on evening
passes. On morning passes, this process was re-
versed. The mode of operation limited the data
recovery to the European sector.

Measurements of the altitude distribution of
various ultraviolet emissions were made in the four
channels of the experiment. We shall concentrate
here on the results obtained with Channel A4-1
(2400-3100 A) whose passsband and sensitivity
were described by Boksenberg and Gerard (1973).
The signal measured with Channel A-1 was attrib-
uted to the O, Herzberg system (432, * — X3 )
since nightglow spectra indicate that it is the only
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bright feature observed in this spectral range
(Hennes, 1966). The sampling rate of the elec-
tronics (0-148 sec), combined with the satellite spin
rate, yielded one data sample each 0-28 deg, which
corresponds to a layer thickness of ca. 13 km at an
altitude of 100 km. Consequently, the field of view
of the instrument (1-8arcmin) is negligible in
smoothing the profile compared to the effects of the
satellite spin.

Figure 1 is an example of a scan in Channel
A-1 which clearly shows enhancement of the signal
due to the Van Rhijn effect.

The excitation of the O,(43X) state is attributed
to the three-body recombination of atomic oxygen
(Bates, 1954),

O+0+M—>0*+M, 8))

near 95 km. In this case, the volume emission rate is
given by:
ek[01°[ M
= —1—[—]— s ¢))
1 +—=3 KIM]
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where A is the Einstein coefficient (=~10-2 sec™?),
¢ is the efficiency of the three-body reaction to
excite the A3Z state, k is the three-body reaction
rate for which recent laboratory measurements
give a value of 11 x 1073 cm®sec? at 200K
(Campbell and Gray, 1973), [M] is the density of
the third-body (essentially N,) and K, are the
quenching coefficients.

Two indirect determinations of & have been made
(Table 1), but quenching of the A3X state was not
taken into account. There is no reason to doubt
that ¢ is satisfactorily approximated by the relative
statistical weight of the A state. In this case, ¢ =
&(4%%)/Z,g;, where g; are the statistical weights of
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Fic. 1. EXAMPLE OF ONE SCAN IN THE 2400-3100 A
CHANNEL OF THE TD-1 SATELLITE.

The limb brightening clearly seen at 67° from the vertical
corresponds to an altitude of the line of sight of about
95 km.

the bounding electronic states populated in the
collision of O(3P) atoms:

&= @2 —9p4)25; + 1),

where ¢ is the Kronecker symbol; A and S, the
molecular angular momentum and spin of the
electronic state, respectively (Tatum, 1967).

TABLE 1

€ Method
0-10
003
0-19

Author

Airglow observations Sharp and Rees (1970)
Airglow observations Reed and Chandra (1975)
Statistical weight of

A3 state

Little is known atout the deactivation of O,(43%)
in the atmosphere. Young and Black (1966)
derived Ky /4 =2 x 1073cm?® from laboratory
measurements. Gadsden and Marovich (1969)
deduced a value of 3 x 1073 cm?® for this ratio
from the analysis of simultaneous measurements of
the O, Herzberg system and [OI] 45577 emission
profiles.

LATITUDE VARIATION

About 75 scans of the dark atmosphere (SZA >
105°) were obtained during the winter period in the
northern hemisphere. Adopting Degen’s (1969)
spectral distribution of the Herzberg system, we
calculated a sensitivity of the instrument of 15-5
R/count. Auroral contamination by other emissions,
such as the N, Vegard-Kaplan and Second Positive
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bands, have been excluded from this analysis by
monitoring the light level in the other channels.
In particular, the 4-2 41350-1800 A channel is a
very sensitive indicator of the aurorally excited
N, Lyman-Birge-Hopfield and OI 21356 A emission
(Gerard, 1975). The observed slant emission
rate, which range from 3-5 to 15kR, is strongly
variable with time and latitude. This variability
reflects changes in the atomic oxygen density near
95km and indicates an irregular and changing
structure. Similar conclusions have been reached
by Donahue ef al. (1973) and Reed and Chandra
(1975) from the OGO photometric measurements.
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F1G. 2. LATITUDINAL DISTRIBUTION OF THE O, HERz-
BERG INTENSITY IN WINTER 1973-1974 IN THE NORTHERN
HEMISPHERE.

The solid line represents the early morning data, and the
dashed line indicates the evening data.

In order to uncover a statistical latitudinal varia-
tion, the emission rates have been averaged over
intervals of 10° latitude after background sub-
traction (Figure 2). Evening data were limited to
the 40-70° sector, but early morning measurements
show a maximum of intensity in the tropical region
and smaller intensities near the equator and at
higher latitudes. This pattern is different from
observations by Donahue er al. (1973) and Reed
and Chandra (1975) who found low emission rates
at low latitude, increasing poleward during winter.
On the other hand, airborne measurements (Sharp
and Rees, 1970) show no indication of a latitude
variation of the O, Herzberg system. These differ-
ences might be caused by the different level of solar
activity during the OGO measurements (solar
maximum) and the present results (solar minimum).
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ATOMIC OXYGEN DENSITY

To relate quantitatively the observed intensity
to the absolute atomic oxygen density at 98 km,
O and N, distributions were expressed analytically:

zZ — Zy
SH

__(z — ZM):' (3)
SH

[O] = [Olxm exp-;—[l —

— €Xp

zZ — Zyg

[N;] = [Nzl exp ( r )

vhere z, is the altitude of the atomic oxygen density
“maximum, H the scale height of molecular nitrogen,
and S a scale factor. [O]yr and [N,], are the O
and N, densities respectively at the altitude z,.
Reed and Chandra (1975) have shown that Equation
(3) gives an atomic oxygen distribution close to
CIRA (1968, 1972), Jacchia (1971), and mass-
spectrometer profiles. In the following, we assumed
the peak density of atomic oxygen, [O]ys, was at
98 km, in agreement with recent airglow (Donahue
and Guenther, 1975) and mass-spectrometer (Trinks,
1974) measurements. Equation (2) was integrated
numerically along the line of sight for values of
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FIG. 3. INTENSITY OF THE O, AIRGLOW INTENSITY MEAS-
URED ON THREE DIFFERENT SCANS.
A : day 350, 30:5°N; B: day 350, 18°N; C: day 351
32°N. The solid line represents the calculated intensity
using Equations (2) and (3) with .S = 0-8.
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KleA ranging from 0 to 1 x 10722 cm?® Due to the
low spatial resolution of the instrument and to the
minor effect of quenching on the shape of the
calculated slant intensity, no information can be
deduced on quenching of O0(4°L) from these
measurements. Figure 3 illustrates the comparison
between three observed scans and the numerical
integration of equation (2) using equation (3)
with § =0-8. Since absorption by O; was not
considered, a good agreement is not expected below
about 60 km.

The relationship between [0l and the maxi-
mum emission rate, 4=.# is given by:

4x7 % 10°
0%y = ———vr,
I€k[N2]1u'

where I is the horizontal integral of equation
(2) for unit ¢, k, [O]3; and [No]yy. Taking [Nyly =
122 x 108¥ cm™3 (CIRA, 1972) and a measured
average cmission rate of 9kR, the maximum
atomic oxygen density is found to be 3 x 10U
em® for ¢ =019 and Ky /4 =3 x 1078 cm®
If ¢ is substantially smaller, the quenching coef-
ficient must be smaller than adopted here to main-
tain reasonable [O],, values. Clearly, an unambig-
uous laboratory measurement of ¢ is needed before a
definite conclusion can be reached.

In summary, the O,(43Z — X3X) emission orig-
inating near 95km in the atmosphere is very
patchy and irregular. Measurements made in the
northern hemisphere in winter 1973-1974 reveal
a maximum average intensity near the tropics.
The observed emission rate is accounted for quanti-
tatively by the three-body recombination of atomic
oxygen using current estimates of production and
quenching rates of the 4L state. When more
accurate determination of these rates are available,
such measurements will provide a good sensing
of the atomic oxygen density near the turbopause.
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