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ABSTRACT

Simultaneous measurements of the permitted 0I 7774 R and
the forbidden 01 6300 R nightglow emissions were carried out at Cachoeira
Paulista (geoq. 22.7%, 45.0°N), Brazil, during the period of April 1978
to March 1979. Both the emissions were observed with tilting filter type
photometers. During spread-F conditions, on several nights, both the
emissions showed simultaneous short-time large intensity depletions,
indicating the presence of large-scale irregularities in the F-region.
Data for the period September - October, 1978 are presented and
discussed. The depletions observed are possibly associated with the passage
of F-region holes or bubbles drifting across the sky.
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INTRODUCTION

During the recent past, ionospheric irregularities in the
equatorial regions have been subject of intensive experimental and
theoretical investigations. A variety of experimental techniques,
including incoherent backscatter radar, in situ observations by rockets
and satellites, scintillations in ionospheric radio wave propagation,
ionosonde, and airglow observations, have provided valuable informations
on ionospheric irregularities (see, e.g., reviews by Ossakow, 1979; and
Basu and Kelly, 1979).

Atomic oxygen emissions, which are due to F-region
recombination processes, can be used as a diagnostic tool to study large-
scale F-region irregularities. The 0I emissions at 7774 R and 6300 R
are particularly suitable for ground-based mapping of these irreguiarities.

The 6300 B emission, which is due to dissociative
recombination of OE jons in the jonospheric F-region, has been used to
monitor large-scale ionospheric wave disturbances and plasma depletions
(see, e.g., VanZandt and Peterson, 1968; Weber et al., 1978; Sobral et
al., 1980a; Sobral et al., 1980b). McClure et al. {1977} have indicated
that part of the vertical ionospheric motions, responsible for the
6300 R airglow maps of VanZandt and Peterson (1968), was due to
ionospheric processes associated with the plumes and bubbles of
ionospheric irregularities.

The 7774 B emission, first observed by Weill and Joseph
(1970), is due mainly to radiative recombination of 0" jons in the



ionospheric F-region, with a small contribution from ion-ion
recombination (Tinsley et al., 1973), and is a very good indicator of
the F2 - region electron density, in the way described by Tinsley and
Bittencourt (1975). Also, simultaneous observations of the 7774 R and
6300 & emission provide an indirect measurement of the F2 - peak
height (Tinsley and Bittencourt, 1975).

In this paper, we present and discuss cbservations of
short-period large depletions in the F-region electron density
detected by the 0I 7774 R and 6300 & nightglow measurements during
spread-F conditions from a low-latitude station at Cachoeira Paulista
(geographic 22.7%, 45.0%; geomagnetic latitude 11.9503), Brazil,
during the period September - October, 1978. Simultaneous ionosonde
observations from Cachoeira Paulista are also presented. This is the
first time the 7774 R emission has been used to study large-scale,
low-latitude F-region irregularities.

INSTRUMENTATION

The 7774 emission measurements were made with a tilting-
filter type photometer. The photometer characteristics are given in
Table 1. The photometer response at filter positions P, and P were
used to estimate the OH (9-4) and continuum contribution at position
P, for and OH rotational temperature of 185%K (Takahashi et al., 1974)
measured at Cachoeira Paulista.

The zenith intensities of the 6300 emission were also
measured with a tilting-filter type photometer with a field of view
of 5° diameter. The interference filter (bandwidth ~ 11 R) was rocked
between two positions to give the on-Tine and background intensities.
The isophot maps of the 6300 emission were obtained from an all-sky
scanning filter-wheel type phtometer with a field of view of 6°
diameter. The observed intensities were corrected for the van Rhijn
effect.

The ionospheric data presented were obtained from an



ionosonde (Magnetic AB model 10005 W) also operating at Cachoeira
Paulista.

OBSERVATIONS AND DISCUSSION

During the period September - October, 1978, the
nightglow observations were obtained on 8 clear nights. Figures 1
and 2 show the variations of the observed zenith intensities for the
7774 and 6300 emissions (each 5 minutes) and h'F (each 15 minutes)
for September 28 - 29 and October 3 - 4, 5 - 6, 24 - 25 and 25 - 26.
A common feature, observed on all of these nights, is simultaneous
large intensity depletions in both the emissions during the Sp-F
conditions in the pre-midnight period, except on October 5 - 6 when
both Sp-F and intensity fluctuations continued till Tate night. It is
also observed, from the h'F variations on these nights, that the
F-layer 1ifts up rapidly before the onset of the Sp-F and intensity
drop-outs, and the ijonograms during this period show obligue traces
indicating irregular ionospheric structure. It may be pointed out that
the ionospheric data from Fortaleza (3.005, 38.0°w), Brazil, the
nearest equatorial ionospheric station, also indicated rapid F-layer
uplifting around 1800 - 1900 hours on these nights with presence of
strong Sp-F later.

Figure 3 shows data for September 25 - 26, 26 - 27
and October 2 - 3, when neither larger intensity fluctuations nor
Sp-F were observed. Also, only the normally expected uplifts of
the F - layer after sunset, in the absence of spread - F, were
observed. Data on October 2 - 3 c¢learly show that the Tocal time
maximum in the 7774 emision precedes that in the 6300 emission by
aproximately one hour. VanZandt and Peterson (1968) have also observed
in Hawai, a time difference of approximately one hour between the
Tocal time maximum of fyF, and of the 6300 emission. As indicated
by Tinsley et al. (973), this is to be expected because of the
fact that the field aligned jonization is tilted at the



- 4.

local dip angle and the 6300 emission vertical profile maximizes at a
lower height than that of the 7774 emission profile, provided the
F-region is moving equatorward.

Tinsley et al. (1973) showed that the radiative recombina-
tion is the major source for the 7774 emission in the tropical region
and that the column emission rate, Js79,, due to this process, is given
by

J7774 = J ag77 (Me)] % dz (1)

where o774, is the partial rate coefficient for radiative recombination,
n(e) is the electron density and z denotes the height. Therefore,
neglecting small contribution from the ion-ion recombination, the
observed 7774 emission is a function of the integrated [n(e)]? and the
large drop-outs in the 7774 intensity variations, shown in Figures 1

and 2, are due to depletion in electron densities, possibly asscciated
with the passage of F-region holes or bubbles.

It is interesting to note that the 6300 emission also
show simultaneous drop-outs in the intensities. Using the same notation
as in equation (3) of Tinsley and Bittencourt (1975), the column
emission rate Jgsggs due to dissociative recombination, is given by

+
KAgzoo v1 n{0z)n(0") dz

J =
6300 J A(1 + d(z)/A) (2)

where n(0,) is the molecular oxygen density, n(0+) is the atomic oxygen
ion density, y; is the reaction rate coefficient for the dissociative
recombination of 0;, K is the quantum efficiency (that is, the fraction
of 1D excited states produced per dissociative recombination of 0;),

A and Agj0o denote the Einstein coefficients for transition from the

1p state and for the transition leading to the 6300 R emission,
respectively, and d(z) is the height-dependent quenching coefficient.



The 6300 R emission rate is greater on the bottomside
of the F-layer (because of the decrease with height of n{0y}) with a
scale height of ~ 50 km). A lowering of the F-layer, until the
bottomside comes down to about 250 km (where quenching begins to
become important) greatly enhances the 6300 emission and, hence, the
6300 intensity depends mainly on the vertical motions of the F-region,
and more specifically on the height of the bottomside of the F-region.
Large intensity drop outs of the 6300 emission are also associated with
large-scale F-region irregularities.

Since the 6300 ] emission is strongly height dependent,
with only a linear dependence on n{e), the spatial structure observed
in this emission, during spread-F conditions, could be due to height
variations and vertical motions of the irregularities in the bottomside
F-region, as well as due to the depletions in n{e), whereas the spatial
structure in the 7774 R emission reflects only the depletions in n(e).
Note, however, that the amplitudes of the drop-outs in 7774 R emission,
as seen in Figures 1 an 2, are larger than those in the 6300 R emission,
since the 7774 R intensity depends on [n(e)]2.

The duration of the depletions observed are of the order
of 10 minutes and are consistent with that reported by Yeh et al. (1879).
Only on a few occasions {e.g. October 24-25; 22:00 hours) it was
observed that the recovery of the 7774 intensity from the depletion
was slower than the drop out. This is possibly due to the orientation
and vertical structure of the n{e) depietion in the F-region since,
according to McClure et al. (1977), the plasma bubbles typically drift
upward and westward with respect to the background plasma (but perhaps
eastward in a corotating frame), probably leaving behind them slanted
trails of low ionization.

Figure 4 shows three isophot maps of the 6300 emission
during the period 2153-2207 hours on October 24-25. It is observed,
from Figure 2, that both the 6300 and 7774 emission showed large drop-
out in the intensities at 22:00 hours (the 7774 emission intensity
dropped from 305 Rayleighs at 21:50 hours to 53 Rayleighs at 22:00 hours)



and the isophot maps of the 6300 emission (spatial structure of two
emissions should be similar) in Figure 4 show the spatial structure
associated with the rapid zenith fluctuations. It is evident from
Figure 4 that the large drop-out in intensity, observed at 22:00 hours,
is associated with an eastward movement of a region of Tow intensity
located in the south-west at 21:53 hours.

It may also be pointed out that the 6300 emission
observations during the period September 1978 - March 1980 (from
September 1978, the 6300 emission data are available for time intervals
of 5 minutes or less) show large intensity variations during the pre-
midnight period on some nights in every month, except winter months
(May, June and July, 1979) and this seasonal behaviour could be possibly
due to seasonal variation of the equatorial vertical drifts (Fejer et
al., 1979) where upward drift is shortest during local winter.

Kaushika and Mendonca (1974) have also reported nighttime fluctuations
(scintillations) in Faraday rotation angle during equinox and summer
months from a nearby station at S3o Jose dos Campos (23.2%, 46, mag.
dip. - 23.7°).

The rapid and Targe increase in h'F, which occurs just
after sunset, as observed at Cachoeira Paulista and Fortaleza on nights
when large drop-outs in the airglow emissions during Sp-F conditions
are present, seems to indicate that the irregularities are possibly
associated with the rapid 1ifting of the whole Tow-latitude field tube
by an electric fie]d'(the fountain effect) resulting in a Targe influx
of plasma coming down the field lines at the latitude of Cachoeira Pau-
lista. The plasma irregularities or bubbles could have been generated
at the observed latitudes via the Rayleigh-Taylor instability mechanism
and/or generated at the bottomside equatorial F-region and transported
upwards, during the period of enhanced upward drift velocities.
Generally Sp-F appears after the F-region has become very high and
"disconnected" in terms of electrical conductivity from the underlying
E-region.
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CONCLUSIONS

The large drop-outs in the 7774 emission intensities
during Sp-F conditions are possibly associated with the passage of
F-region holes or bubbles drifting across the sky. Simul taneous
6300 emission data also exhibit similar temporal behaviour and
isophots show spatial structure during disturbed ionosphere. However,
sometimes the spatial structure could be due to height variations of
the F-layer as well. The 7774 emission is dependent only on F-region
electron density profile and hence would be very useful in studying
F-region irregularities.

It is worth noting that the 7774 emission data obtained,
give an indication of the F-region electron densities during Sp-F
conditions, when these data cannot be obtained by an jonosonde. Also,
by scanning the sky, the spatial structure over a large geographical
region can be determined and, again, this is not possible with an
ionosonde.

Modifications of the 7774 emission observations are
planned to permit study of spatial and smaller-scale details of the
ionospheric irregularities. Complementary airglow observations with
jonospheric sounding measurements are likely to be very useful in
mapping ionospheric irregularities.
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TABLE 1

7774 PHOTOMETER CHARACTERISTICS

1. Aperture: 65 mm dia.

2. Field of View: 3° full anglie.

3. Wavelength Scanning: tiiting-filter technique.

4. Photometer Sensitivity: ~ 7 counts/R-sec at 7774 R.

5. Filter Positions . Half-power Peak wavelengths
bandwidth {A))

Py 7.5 R 7774 & (01 7774; OH(9-4)
01(3), P2(1); Continuum)

Py 14.6 8 7752 & (OH(9-4) Q1(1).Q2(1),
Q:1(2}, Q2(2)3 Continuum)

P, 16.8 & 7738 R (OH(9-4) R,(2),02(1),
Q,(1): Continuum)

6. Scan Time: 150 sec.




FIGURE CAPTIONS

Fig. 1 - Observed 7774 R intensities (closed circles), 6300 R intensities
(open circles) and virtual heights (crosses) for September
28-29 and October 3-4, 1978. The vertical scale for the 6300 R
emission is twice of that indicated.

Fig. 2 - Same as in Fig. 1 but for October 5-6, 24-25, 25-26, 1978.

Fig. 3 - Same as in Fig. 1 but for September 25-26-, 26-27, and
October 2-3, 1978.

Fig. 4 - Isophots of the observed 6300 R emission on October 24-25,
1978 between 2153 - 2207 hours.
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PLASMA IRREGULARITIES IN THE TROPICAL F-RECION DETECTED
BY OI 7774 R AND 6300 % NIGHTGLOW MEASUREMENTS
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Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico - CNPq
12200 Sao Jose dos Campos, Sac Paulo, Brazil

Abstract. Simultaneous measurements of the
permitted OT 7774 % and the forbidden OI 6300 X
nightglow emissions were carried out at. Cachoej-
ra Paulista (geographic 22.79s, 45.00W), Brazil,
during the period of April 1978 to March 1979.
Both the emissions were observed with tilting
filter-type photometers. During spread-F condi-
tions, on several nights, both the emissions
showed simultaneous short—time large intensity
depleticns, indicating the presence of large-
scale irregularities in the F-region. Data for
the pericd September-October 1978 are presented
and discussed. The depletions ohserved are
pessibly associated with the passage of F-region
holes or bubbles drifting across the sky.

Introduction

During the recent past, ionospheric irregu-
larities in the equatorial regions have been the
subject of intensive experimental and theoreti-
cal investigations. A variety of experimental
techniques, including incoherent backscatter
radar, in situ observations by rockets and satel-
lites, scintillations in ionospheric radio wave
propagation, ionosonde, and airglow observations,
have provided valuable informations on ionos-—
pheric irregularities [see, e.g., reviews by
Ossakow, 1979; Basu and Kelly, 1979].

Atomic oxygen emissions, which are due to
F-region recombination processes, can be used as
a diagnostic tool to study large-scale F-region .
irregularities. The OT emissions at 7774 X and
6300 £ are particularly suitable for ground-
based mapping of these irregularities.

The 6300 ﬁ emission, which is due to dissocia-
tive recombination of 03 ions in the iomospheric
F-region, has been used to monitor large—scale
ionospheric wave disturbances and plasma deple-
tions [éee, e.g., VanZandt and Peterson, 1968;
Weber et al., 1978; Sobral et al., 1980; Sobral
et al., 1981]. McClure et al. [iQ?lJ have indi-
cated that part of the vertical ionospheric
motions, responsible for the 6300 A airglow maps
of VanZandt and Peterson [196§J, was due to
ionospheric processes associated with the plumes
and bubbles of ionospheric irregularities.

The 7774_3 emission, first observed by Weill
and Joseph [1970], is due mainly to radiative
recombination of 0% ioms in the ionospheric
F-region, with a small contribution from ion-ion
recombination [iinsley et al., 1973, and is a
very good indicator of the F2 region electron
density, in the way described by Tinsley and
Bittencourt ElQ?Eﬂ . Also, simultaneous observa-
tions of the 7774 & and 6300 & emission provide
an indirect measurement of the F2 peak height
Tingley and Bittencourt, 1975].

Copyright 1981 by the American Geophysical Union.
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In this paper we present and discuss observa—
tions of short-period large depletions in the
F-region electron density detected by the
0T 7774 & and 6300 R nightglow measurements
during spread-F conditions from a low latitude
station at Cachoeira Paulista (geographic 22.705,
45.0%; geomagnetic latitude 11.,95°5), Brazil,
during the period September-October, 1978. Simul-
taneous ionosonde observations from Cachoeira
Paulista are also presented. This is the first
time the 7774 % emission has been used to study
large-scale, low-latitude F-region irregularities.

Instrumentation

The 7774 emission measurements were made with
a tilting filter-type photometer. The photometer
characteristics are given in Table 1. The photo-
meter respanse at filter positions P, and Py
were used to estimate the OH(9~4) and continuum
contribution at position P; for an OH rotational
temperature of 185°K [Takahashi et al., 1974]
measured at Cachoeira Paulista.

The zenith intensities of the 6300 emission
were also measured with a tilting filter-type
photometer with a field of view of 5% diameter.
The interference filter (bandwidth ~ 11 2) was
rocked between two positions to give the on-line
and background intensities. The isophot maps of
the 6300 emission were obtained from an all-sky
scanning filter wheel-type photometer with a
field of view of 6  diameter. The observed
intensities were corrected for the van Rhijn
effect.

The ionospheric data presented were obtained
from an ionosonde (Magnetic AB medel 10005 W)
also opers.ing at Cachoeira Paulista.

Observations and Discussion

buring the period September-October 1978, the
nightglow observations were obtained on eight
clear nights, Figures I and 2 show the variations
of the observed zenith intensities for the 7774
and 6300 emissions (each 5 min) and h'F (each
15 min} for September 28-29 and October 3-4,
5-6, 24-25, and 25-26. A common feature, observed
on all of these nights, is simultaneous large
intensity depletions in both the emissions during
the S5p-F conditions in the premidnight peried,
except on October 5-6 when hoth Sp~F and intensi-
ty fluctuations continued until late night. It is
also observed, from the h'F variations on rhese
nights, that the F-layer lifts up rapidly before
the onset of the Sp-F and intensity dropouts, and
the ionograms during this peried show oblique
traces indicating irregular ionospheric struc—
ture. itmay be pointed out that the ionospheric
data from Fortaleza {3.09S, 38.0°W), Brazil, the
nearest equatorial ionospheric station, also
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TABLE 1. 7774 Photometer Characteristies

Filter Half-Power

Peak Wavelengths
Positions Bandwidth(AA)

P, 7.5 8 7774 X (01 7774; OH(9-4)
0;(3), P2(1); continuum}

Py 14.6 & 7752 R (0H(9-4) Q;(1),Q. (1),
0p(2), Q(2); continuum)

P3 16.8 8 7738 & (OH(9-4) Rp(2),Q2(1),
Q;(1); continuum)

Aperture: 65 mm diameter.

Field of view: 3% full angle.

Wavelength scanning: tilting—filter technique.
Photometer sensitivity: ~7 counts/R s at 7774 2.
Secan time: 150 s.

indicated rapid F-layer uplifting around 1800-
1900 hours LT on these nights with presence of
strong Sp-F later.

Figure 3 shows data for September 25-26, 26-
27, and October 2-3, when meither larger intensi-
ty fluctuations nor Sp-F were observed. Also,
only the normally expected uplifts of the F-layer
after sunset, in the absence of spread-F, were
observed., Data on October 2-3 clearly show that
the local time maximum in the 7774 emission
precedes that in the 6300 emission by approxi-
mately 1 hour, VanZandt and Peterson |1968] have
alsc observed in Hawaii, a time difference of
approximately 1 hour between the local time
maximm of fyF» and of the 6300 emission. As was
indicated by Tinsley et a1.[197j], this is to be
expected because of the fact that the field alig-
ned ionization is tilted at the local dip angle
and the 6300 emission vertical profile maximizes
at a lower height than that of the 7774 emission
profile, provided the F region is moving equa-
torward.

Tinsley et al. [1973] showed that the radia-
tive recombination 1s the major source for the
7774 emission in the tropical region and that the
column emission ratz, Jy774, due to this process,
is given by

Jyg7u = f a777,[n{e)}? dz (1)

where dgpg, 1s the partial rate coefficient for
radiative recombination, n{e) is the electren
density, and z denotes the height., Therefore,
neglecting small contribution from the ion-ion
recombination, the observed 7774 emission is a
function of the integrated Eﬂei]z, and the large
drop oute in the 7774 intensity variations, shown
in Figures ! and 2, are due to depletion in elec—
tron densities, possibly associated with the
passage of F-region holes or bubbles.

It is interesting to note that the 6300
emission also show simultaneous drop ocuts in the
intensities, By using the same notation as in
equation (3) of Tinsley and Bittencourt |:1975:] ’
the column emission rate, Jg3gps due to
dissociative recombimation, is giwven by

Kags300 Yy n(0,)n(0%) dz 2

Jgao0 =
‘ AL + d(z)/A)

where n{0,) is the molecular oxygen density,

n(0 ) is the atomic oxygen ion demsity, y; is the
reaction rate coefficient for the dissociative
recombination of 03, K is the quantum efficiency
(that is, the fraction of D excited states
produced per dissociative recombination of 03),
A and Agjgp denote the Einstein coefficients for
transition from the !D state and for the tramsi-
tion leading to the 6300 emission, respectively,
and d(z) is the height—dependent quenching
coefficient.

The 6300 emission rate is greater on the
bottomside of the F-layer (because of the
decrease with height of n(0;) with a scale height
of -50 km). A lowering of the F-layer, until the
bottomside comes down to about 250 km (where
quenching begins to become important) greatly
enhances the 6300 emission and, hence, the 6300
intensity depends mainly on the vertical motions
of the F-region, and more specifically on the
height of the bottomside of the F-region. Large
intensity drop outs of the 6300 emission are
also associated with large-scale F-regiom
irregularities.

Since the 6300 emission is strongly height
dependent, with only a linear dependence on nfe},
the spatial structure observed in this emissiom,
during spread-F conditions, could be due to
height variations and vertical motioms of the
irregularities in the bottomside F-region, as
well as due to the depletions in n(e), whereas
the spatial structure in the 7774 emission
reflects only the depletionms in n(e). Note,
however, that the amplitudes of the drop outs in
7774 emission, as seen in Figures 1 and 2, are
larger than those in the 6300 emission, since
the 7774 intensity depends on [n(e)]z.

The duration of the depletions observed are of
the order of 10 min and are consistent with that
reported by Yeh et al. [}97§]. Only on a few
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Fig. 1. Observed 7774 % intensities (closed
circles), 6300 8 intensities (open cireles), and
virtual heights (crosses) for September 28-29
and October 3-4, 1978. The vertical scale for
the 6300 % emission is twice of that indicated.
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occasions (e.g., October 24-25; 2200 hours LT) it
was observed that the recovery of the 7774 inten—
sity from the depletion was slower than the drap
out. This is possibly due to the orientation and
vertical structure of the n{e) depletion in the
F-region since , according to McClure et al.
[i97%1, the plasma bubbles typically drift upward
and westward with respect to the background
plasma (but perhaps eastward in a corotating
frame), probably leaving behind them slanted
trails of low ionization.

Figure 4 shows three isophot maps of the 6300
emission during the periocd 2153-2207 hours LT on
October 24-25. It is observed, from Figure 2,
that both the 6300 and 7774 emission showed large
drop out in the intensities at 2200 hours LT
(the 7774 emission intensity dropped from 305
Rayleighs at 2150 hours LT to 53 Rayleighs at
2200 hours LT) and the isophot maps of the 6300
emission (spatial structure of two emissions
should be similar) in Figure & show the spatial
structure associated with the rapid zenith
fluctuations. It is evident from Figure 4 that
the large drop out in intensity, observed at
2200 hours LT, is associated with an eastward
movement of a region of low intensity located in
the south-west at 2153 hours LT.

It may also be pointed out that the 6300
emission observations during the period Septem~
ber 1978 to March 1980 (from September 1978, the
6300 emission data are available for time inter-—
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Fig. 2. Same as in Figure 1 but for October

5-6, 24-25, 25-26, 1978.
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Fig. 3. Same as in Figure 1 but for September
25-26, 26~27, and October 2-3, 1978.

vals of 5 min or less) show large intensity
variations during the premidnight period on some
nights in every month, except winter months
(May, June, and July 1979) and this seasonal
behavioer could be possibly due to seasonal
3griation of the equatorial vertical drifts
\Fejer et al., 1973] where upward drift is
shortest during local winter. Kaushika and
Mendonga [1974] have also reported nighttime
fluctuations (sciatillations) im Faraday rota-—
tion angle during equinox and summer months from
a nearby station at Sao José dos Campos (23.205,
460w, magnetic dip - 23.7%).

The rapid and large increase in h'F, which
occurs just after sumset, as observed at Cachoei-
ra Faulista and Fortaleza on nights when large
drop outs in the airglow emissionms during Sp-F
conditions are present, Seems to indicate that
the irregularities are possibly associated with
the rapid lifting of the whole low-latitude field
tube by an electric field (the fountain effect)
resulting in a large influx of plasma coming
down the field lines at the latitude of Cachoei-
ta Paulista. The plasma irregularities or bubbles
could have been generated at the observed lati-
tudes via the Rayleigh-Taylor instability
mechanism and/or generated at the bottomside
equatorial F-region and transported upward,
during the period of enhanced upward drift
velocities. Generally Sp~F appears after the
F-region has become very high and "disconnected'
in terms of electrical conductivity from the
underlying E-region.

i SR o iy




Sk et e

Sahai et al.: F-Region Irregularities from OI 7774 and 6300

C. PAULISTA

2153

Fig. 4.
2153-2207 hours LT.

Conclusions

The large drop cuts in the 7774 emission
intensities during Sp-F conditions are possibly
associated with the passage of F-region holes or
bubbles drifting across the sky. Simultaneous
6300 emission data also exhibit similar temporal
behavioer and isophots show spatial structure
during disturbed ionosphere. However, socmetimes
the spatial structure could be due to height
variations of the F-layer as well. The 7774
emission is dependent only on F-region electron
denmsity profile and hence would be very useful in
studying F-region irregularities.

It is worth noting that the 7774 emission
data obtained give an indication of the F-region
electron densities during Sp-F conditions when
these data cannot be obtained by an iomosende.
Also, by scanning the sky, the spatial structure
over a large geographical region can be determi-
ned, and, again, this is not possible with an
ionosonde.

Modifications of the 7774 emission observa-
tions are planned to permii study of spatial and
smaller-scale details of the lonospheric irregu-
larities. Complementary airglow observations
with icmospheric sounding measurements are
likely to be very useful in mapping iomospheric
irregularities,
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PLASMA TRREGULARITIES IN THE TROPICAL F—REGION DETECTED
BY 0T 7774 R AND 6300 R NIGHTGLOW MEASUREMENTS

Y. Sahai, J. A. Bittencourt, N. R. Teixeira, and H. Takahashi

'Instituto de Pesquisas Espaciais - INPE
Conselho Nacional de Desenvolvimento CientIfico e Tecnaldgico - CNPq
12200 Sao Jose dos Campos, Sao Paule, Brazil

Abstract. Simultaneocus measurements of the
permitted OI 7774 & and the forbidden 0L 6300 R
nightglow emissions were carried out at. Cachoei-
ra Paulista (geographic 22.7°S, 45.0°W), Brazil,
during the period of April 1978 to March 1979.
Both the emissions were observed with tilting
filter-type photometers. During spread-F condi~
tions, on several nights, both the emissions
showed simultaneous short—time large intensity
depletions, indicating the presence of large-
scale irregularities in the F-region. Data for
the period September—October 1978 are presented
and discussed. The depletions observed are
pessibly associated with the passage of F-region
holes or bubbles drifting across the sky.

Introduction

During the recent past, iomospheric irregu-
larities in the equatorial regions have been the
subject of intensive experimental and theoreti-
cal investigations. A variety of experimental
techniques, including ineoherent backscatter
radar, in situ observations by rockets and satel-
lites, scintillations in ionospheric radio wave
propagation, ‘ionosonde, and airglow observations,
have provided valuable informations on ionos—
pheric irregularities [éee, e.g., reviews by
Ossakow, 1979; Basu and Kelly, 197?].

Atomic oxygen emissions, which are due to
F-region recombination processes, can be used as
a diagnostic tool to study large-scale F-~region
irregularities. The OT emissions at 7774 2 and
6300 A& are particularly suitable for ground-
based mapping of these irregularities.

The 6300 & emission, which is due to dissoecia—
tive recombination of 0F ions in the ionospheric
F-region, has been used to monitor large-scale
ionospheric wave disturbances and plasma deple~
tions [}ee, e.g., VanZandt and Peterson, 1968;
Weber et al., 1978; Sobral et al., 1980: Sobral
et al., 1981]. McClure et al. [1977] have indi-
cated that part of the vertical ionospheric
motions, responsible for the 6300 R,airglow maps
of VanZandt and Peterson [}96@J, was due to
ionospheric processes associated with the plumes
and bubbles of ionospheric irregularities.

The 7774 & emission, first observed by Weill
and Joseph [197@, is due mainly to radiative
recombination of 0% ions in the ionospherie
F-region, with a small contribution from ion—ion
recombination [iinsley et al., 1973|, and is a
very good indicator of the F2 region electron
density, in the way described by Tinsley and
Bittencourt [1975]. Also, simultaneous observa-
tions of the 7774 & and 6300 R emission provide
an indirect measurement of the F2 peak height
|Tinsley and Bittencourt, 1975].

Copyright 1981 by the American Geophysical Union.

Paper number 8041702,
0148-0227/81/080A-1702501, 00

In this paper we present and discuss observa-
tions of short-period large depletions in the
F-region electron density detected by the
0T 7774 R and 6300 & nightglow measurements
during spread-F conditions from a low latitude
station at Cachoeira Paulista (geographic 22.7°%,
45.0°W; geomagnetic latitude 11,95°S), Brazil,
during the period September-October, 1978. Simul-
taneous ionosonde observations from Cachoeira
Paulista are also presented. This is the first
time the 7774 A emission has been used to study
large-scale, low-latitude F-regiom irregularities.

Instrumentation

The 7774 emission measurements were made with
a tilting filter-type photometer. The photometer
characteristics are givea in Table 1. The photo-
meter response at filter positions P; and Py
were used to estimate the OH{9-4) and continuum
contribution at pogition Py for an OH rotational
temperature of 185°K [Takahashi et al., 1974)
measured at Cachoeira Paulista.

The zenith intensities of the 6300 emission
were also measured with a tilting filter-type
photometer with a field of view of 5° diameter.
The interference filter (bandwidth ~ 11 R) was
rocked between two positions to give the on~line
and background intensities. The isophot maps of
the 6300 emission were obtained from an all-sky
scanning filter wheel-type photometer with a
field of view of 6 diameter. The observed
intensities were corrected for the van Ehijn
effect.

The ionospheric data presented were obtained
from an ionosonde (Magnetic AB model 10005 W)
also operating at Cachoeira Paulista.

Observations and Discussion

During the period September—0October 1978, the
nightglow observations were obtained on eipht
clear nights. Figures 1 and 2 show the variations
of the observed zenith intemsities for the 7774
and 6300 emissions (each 5 min) and h'F (each
15 min) for September 28-29 and October 3-4,

5-6, 24-25, and 25-26. A common feature, observed
on all of these nights, is simultaneous large
intensity depletions in both the emissions during
the Sp-F conditions in the premidnight periogd,
except on October 5-6 when both Sp—F and intensi-
ty fluctwuations continbed until late night. It is
alsc observed, from the h'F variations on these
nights, that the F-layer lifts up rapidly before
the onset of the Sp~F and intensity dropouts, and
the ionograms during this pericd show oblique
traces indicating irregular ionospheric struc-
ture. Ttmay be pointed out that the ionospheric
data from Fortaleza (3.098, 38,0°), Brazil, the
nearest equatorial ionospheric statiom, also
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TABLE 1. 7774 Photometer Characteristies

Filter Half-Power

Peak Wavelengths
Positions Bandwidth(AX)

P 7.5 &8 7774 R (0T 7774; OH{9-4)
‘ Q;(3), P3(1); continuum)
v, 15.6 & 7752 R (0H(9-4) 01(1),Q2(1),
0;(2), Qz(2); continuum)}
Py 16.8 8 7738 & (OH(9-4) R»(2),Q2(1),

Q;(1}; continuum)

Aperture: 65 mm diameter. )

Field of view: 3° full angle.

Wavelength scanning: tilting-filter technique.
Photometer sensitivity: ~7 counts/R s at 7774 R.
S8can time: 150 s.

indicated rapid F-layer uplifting around 1800-
1900 hours LT on these nights with presence of
strong S5p~F later.

Figure 3 shows data for September 25-26, 26-
27, and October 2-3, when neither larger intensi-~
ty fluctuations nor $p-F were observed. Also,
conly the normally expected uplifts of the F-layer
after sunset, in the absence of spread-F, were
observed., Data on October 2-3 clearly show that
the local time maximum in the 7774 emission
precedes that in the 6300 emission by approxi-
mately 1 hour, VanZandt and Peterson EiQﬁB:l have
also observed in Hawaili, a time difference of
approximately 1 hour between the local time
maximm of fgF; and of the 6300 emission. As was
indicated by Tinsley et al.t}973}, this is to be
expected because of the fact that the field alig-~
ned ionization is tilted at the local dip angle
and the 6300 emission vertical profile maximizes
at a lower height than that of the 7774 emission
profile, provided the F region is moving equa-
torward.

Tinsley et al. Dﬂ?i] showed that the radia-
tive recombination is the major source for thes
7774 emission in the tropical region and that the
column emission rate, J777y4, due to this process,
is given by

J7774 = J ayz7y[p(e)]? dz (1)

where g9y, is the partial rate coefficient for
radiative recombination, n(e) is the electron
density, and z denotes the height. Therefore,
neglecting small contribution from the ion-ien
recombination, the observed 7774 emission is a
function of the integrated [ﬁ(ei]z, and the large
drop outs in the 7774 intensity variations, shown
in Figures L and 2, are due to depletion in elec-
tron densities, possibly associated with the
passage of F-region holes or bubbles.

It is interesting to note that the 6300
emission also show simultaneous drop outs in the
intensities. By using the same notation as in
equation (3) of Tinsley and Bittencourt [§97$],
the column emission rate, Jg3pgp, due to
dissociative recombination, is given by

KAgzgn Y3 n(Oz)n(Dt) dz oS

Jg300 =
| aq + am

where n{0;) is the molécular oxygen density,

n(0 ) is the atomic oxygen ion density, y; is the
reaction rate coefficient for the dissociative
recombination* of 03, K is the quantum efficiency
(that is, the fractionm of 'D excited states
produced per dissociative recombination of 0z),
A and Ag3gp denote the Einstein coefficients for
transition from the !0 state and for the transi-
tion leading to the 6300 emission, respectively,
and d(z) is the height-dependent quenching
coefficient.

The 6300 emission rate is greater on the
bottomside of the F-layer (because of the
decrease with height of n(03) with a scale height
of ~50 km). A lowering of the F-layer, until the
bottomside comes down to about 250 km (where
quenching begins to become important) greatly
ephances the $300 emission and, hence, the 6300
intensity depends mainly on the vertical motions
of the F-region, and more specifically on the
height of the bottomside of the F-region. Large
intensity drop outs of the 6300 emission are
alsoc associated with large-scale F-region
irregularities.

Since the 6300 emission is strongly height
dependent, with only a linear dependence on n{e),
the spatial structure observed in this emission,
during spread-F conditions, could be due to
height variations and vertical motions of the
irregularities in the bottomside F-region, as
well as due to the depletions in n{e), whereas
the spatial structure in the 7774 emission
reflects only the depletions in n(e). Note,
however, that the amplitudes of the drop outs in
7774 emission, as seen in Figures 1 and 2, are
larger than those in the 6300 emission, since
the 7774 intensity depends on [n(e)]z.

The duration of the depletions observed are of
the order of 10 min and are consistent with that
reported by Yeh et al. [§9?§]. Only on a few
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Fip. 1. Observed 7774 & intensities (closed

circles), 6300 % intensities (open circles), and
virtual heights (crosses) for September 28-29
and October 3-4, 1978. The vertical scale for
the 6300 R emission is twice of that indicated.
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occasions (e.g., October 24-25; 2200 hours LT) it
was observed that the recovery of the 7774 inten—
sity from the depletion was slower than the drop
out. This is possibly due to the orientation and
vertical structure of the n(e) depletion in the
F-region since , according to McClure et al.
(1977], the plasma bubbles typically drift upward
and westward with respeet to the background
plasma (but perhaps eastward in a corotating
frame), probably leaving behind them slanted
trails of low iomizatiom,

Figure 4 shows three isophot maps of the 6300
emission during the period 2133-2207 hours LT on
October 24-25. Tt is observed, from Figure 2,
that both the 6300 and 7774 emission showed large
drop out in the intensities at 2200 hours LT
(the 7774 emission intensity dropped from 305
Rayleighs at 2150 hours LT to 53 Rayleighs at
2200 hours LT) and the isophot maps of the 6300
emission (spatial structure of two emissions
should be similar) in Figure 4 show the spatial
structure associated with the rapid zenith
fluctuations. It is evident from Figure 4 that
the large drop out in intensity, observed at
2200 hours LT, is associated with an eastward
movement of 2 region of low intensity located in
the south-west at 2153 hours LT.

It may alsc be pointed out that the 6300
emission observations during the period Septem-
ber 1978 to March 1980 (from September 1978, the
6300 emission data are available for time inter-
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Fig. 3. Same as in Figure 1 but for September
25-26, 26-27, and October 2-3, 1978.

vals of 5 min or less) show large intensity
variations during the premidnight period on some
nights in every month, except winter months
(May, June, and July 1979) and this seasonal
behavior could be possibly due to seasonal
variation of the equatorial vertical drifts
Fejer er al., 1973] where upward drift is
shortest during local winter. Kaushika and
Mendonca 0874 have also reported nighttime
fluctvations (scintillations) in Faraday rota-
tion angle during equinox and summer wmonths from
a nearby station at 5ac Jos2 dos Campos (23.2°8,
460W, magretic dip - 23.7%),

The rapid and large increase in h'F, which
occurs just after sumset, as observed at Cachoei-
ra Paulista and Fortaleza on nights when large
drop outs in the airglow emissions during Sp-F
conditions are present, seems to indicate that
the irregularities are possibly associated with
the rapid lifting of the whole law-latitude field
tube by an electric field (the fountain effact)
resulting in a large influx of plasma coming
down the field lines at the latitude of Cachoei~-
ra Paulista. The plasma irregularities or bubbles
could have been generated at the ohserved lati-
tudes via the Rayleigh-Taylor instability
mechanism and/or gemerated at the bottomside
equatorial F-region and transported upward,
during the period of enhanced upward drift
velocities. Generally 5p-F appears after the
F-region has become very high and 'disconnected'
in terms of electrical conductivity from the
underlying E-region.
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Conclusions

The large drop ocuts in the 7774 emission
intensities during Sp-F conditions are possibly
associated with the passage of F-region holes or
bubbles drifting across the sky. Simultaneous
65300 emission data also exhibit similar temporal
behavior and isophots show spatial structure
during disturbed ionosphere. However, sometimes
the spatial structure could be due to height
variations of the F-layer as well. The 7774
emission is dependent only om F-region electrom
density profile and hemce would be very useful in
studying F-region irregularities.

It is worth noting that the 7774 emission
data obtained give an indication of the F-region
electron densities during Sp-F conditions when
these data cannot be obtained by an ionosonde.
Also, by scamming the sky, the spatial structure
over a large geographical region can be determi-
ned, and, again, this is not possible with an
ionosonde.

Modifications of the 7774 emission observa—
tions are planned to permit study of spatial and
smaller-scale details of the ionospheric irregu-
larities. Complementary airglow observations
with ionospheric sounding measurements are
likely to be very useful in mapping iomospheric
irregularities.

Acknowledgments. We acknowledge helpful
discussions with B. A. Tinsley, J. P. McClure,
and B. R, Clemesha. This work was partially
supported by the Brazilian National Fund for
Science and Technology under contract FINEP-537/
CT.

The Editor thanks R. G. Roble and J. P.
McClure for their assistance in evaluating this

paper.

References

Basu, 5., and M. C. Kelley, A review of recent
observations of equatorial scintillatioms and
their relatiouship to current theories of
F region irregularity gemeration, Radio Sci.,
14, 471, 1979. —_—

Fejer, B. G., D. T. Farley, R. F. Woodman, and
C. Calderon, Dependence of equatorial F region
vertical drifts on season and solar cycle,

J. Geophys. Res., 84, 5792, 1979.

Kaushika, N. D., and F. de Mendonga, Nighttime
fluctuations (scintillations) in Faraday
rotation angle of VHF signalsfrom geosta-
tionary satellites, Planet. Space Sci., 22,
1331, 1974.

McClure, J. P., W. B, Hanson, and J. H. Hoffman,
Plasma bubbles and irregularities in the
equatorial ionosphere, J. Geophys. Res., 82,
2650, 1977. __

Ossakow, S. L., Ionospheric irregularities,

Rev. Geophys. Space Phys., 17, 521, 1979.

Sobral, J. H. A., M. A, Abdu, and I. §. Batista,
Airglow studies on the ionosphere dynamics
over low latitude in Brazil, Ann. Geophys.

36, 199, 1980.

Sobral, J. H. A., M. A, Abdu, I. S. Batista, and
C. J. Zamlutti, Wave disturbances in the low-
latitude ionosphere and equatorial iomos—
pheric plasma depletions, J. Geophys. Res.,
in press, 1981.

Takahashi, H., B. R. Clemesha, and Y. Sahai,
Nightglow 0H(8,3) band intensities and rota-
tional temperature at 2303, Planet. Space S5ci.,
22, 1323, 1974.

Tinsley, B. A., and J. A. Bittencourt, Determina-
tion of F region height and peak electron
density at night using airglow emissions from
atomic oxygen, J. Geophys. Res., 80, 2333,
1975. |

Tinsley, B. A., A. B. Christensen, J. A. Bitten-
court, H. Gouveia, P. D. Angreji, and H.
Takahashi, Excitation of oxygen permitted line
emissions in the tropical nightglow, J.
Geophys. Res., 78, 1174, 1973. -

VanZandt, T. E., and V. L. Peterson, Detailed
maps of tropical 6300 2 nightglow enhancement
and their implicatioms on the ionospheric F2
layer, Ann. Geophys., 24, 747, 1968.

Weber, E. 1., J. Buchau, R. H. Eather, and 5. B.
Mende, North-south aligned equatorial airglow
depletions, J. Geophys. Res., 83, 712-716,
1978.

Weill, G., and J. Joseph, Premisres mesures du

et e e e b e s



3500 Sahai et al.: F-Region Irregularities from OT 7;774 and 6300

-
triplet 3550- 35p da 01, 2 7772, 7774, et rotation method at Nafal, Brazil, Geophys,
7775 A, emis par le ciel nocturne des regions Res, Lett., 6, 473, 1979.
tropicales, C. R. Acad. Sci., Ser. B, 271,
1013~1016, 1970. (Reteived August 15, 1980;
Yeh, K. €., H. Soicher, C., H. Liu, and E. Bonelli, revised December 1, 1980;
Lonospheric bubbles observed by the Faraday accepted December 1, 1980.)
o




