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ABSTRACT

Images of 630.00 ne enhancemants have been recorded during the January, 1986 1onospheric
heating campaign at Arecibo. The artificial afrglow clouds convected eastward, vanished, and
then reappearted at the szenith of the HF heatar. Occasionally, -the airglow patches are
bifurcated. The structure and motion of the airglow clouds {s an indication of the dynamic
behavior of the modified ionocaphere.

INTRODUCTION

Tha transmission of high power radiowaves {n the ioncsphere affacts the intensity of airglow
from excilad oxygen atoms. Natural 630.0 nm airglow in the nighttime lonosphere comes from
disscciative recombination of molecular oxygen ions and electrons

o} + "+ 0"+ 0" rater 2.2 x 1077 (300/7,)°"7 (n

lonospheric heating incresses the ealectron temperature and consequantly reduces the rate for
production excited atomic oxygen by reaction (1) /1/.

If electrons are accelerated above 2 eV during lonospheric hesting, collisional excitation
becomen important /4/.

-t

"+ 0P+ o 4 0('D)  cross-section: 0, = 2x t0-17 cm? ()

Enhanced tradlation occurs by transition to ground state,

0('p) + 0(%) + v (630.0 nm, 636.4 nm)  rater A, = 6.76 x 107787}

These atrglovw enhancements have heen used by Carlson et al. /2/ and by Tepley et al. /3/ to
infer suprathermal electron fluxans produced by perametric instabitities in the HF beam. Such
measurements used photomaters to determine the temporal varlations of relativaly weak (four
Reyleighs or less) airgiov enhancements,

During the January 1986 f{onospheric heating campaign at Arecibo, Puerto Rico, an tntenstfled,
charge coupled device (CCD) Imager was used to record the enhanced emisatons at &) .0 nm.
This paper prasents an interpretation of the airglow images from that campaign,

EXPERIMENTAL

A computer-controlled, low-light-level iwaging aystem waa set up at the Avectho Obhservatory
for the lonospharic heating experiments, The alrglow Images vare mide with an (Interfevence
filter conteved at 630.0 nm, having a passband of 9.0 nm, The objective lens had a S0mm



focal length, and a 5)mm aperture. The airglow Image {intensity was ampliffed by 4 4Omm
dismeter microchannel plate (NCP) intensifier. The luminous gain of the (ntensifier was
5000. The output of the Intensifier was focused on a 512 x 320 pixel CCD array by an B85mm
focal iength, f/1.0 relay lens. The quantum efficiency of the CCD array was 807, The data
from each pixel was digitized to 14 bits and stored on magnetic tape. The system was
controlled by a 68000 microprocessor. All exposures were for 30 seconds. An additional 20
seconds was required for data storage.

The {mages {n this paper were produced by subtraction of the background afrglow of the
unmodified atmosphere from the {mages obtained whan the heater vas on. The suturated bright
spots ave stars. The dark spots in the airglow clouds are a result of subtracting bright
star images {n the background image.

The formats for the airglow {images are fillustrated in Figures 1 and 2 for the 9 and
14 January, 1986 results, respectively. The HF facility was north-east of the Arecibo
Obsarvatory where optical and vadar measuremants were made, The HF beam has a2 2 to 1
elongstion in the north south direction. All images are oriented along the magn ti:
meridional plane.
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Pig. 1. Format of the January 9, 1986 Fig. 2. Torma® of the January 14, 19fg
alrglow images. aleglov imagesn,

JANUARY 9, 19A6 RESULTS

The F-reglon profile 1la eubstanttally modified by the P heater. Figure ) fi1lustrates the
reduction of the bottomalde slectron denalty three minuten after the hea' vt ta  turned on.
Denafty cavitien such sa descr’hed by Duncan ot al. /)/ are formed,
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Fig. 3. FP-reglon density profile change as & reault of fonospheric hesting,

The HF heater produces an enhancement in afrglow vhich avolves dynumically. The series of
tmages in Figure 4 show the turm on and the north-eastward convection of the aleglovw cloud.
by the last frame of Figure 4, the atrglow cloud hav snappad back to the senith postition.
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Pig. 4. Inftiation and convection of the 630.0 nm airglow cloud above the HP heater.

This wmotion ls achemsgtically shown in Figure 5. UHhen the HF Lcransmitter {s first turned om,
the wvave interacts directly overhead, triggering pararetric instability, heating the plasma,
and generating anhanced afirglow. Aftar 90 seconds, the eshanced plasma pressu’e forms a
plasma depletion which begins to be convected esstward under the 1influence of polarization
alactric flelds and neutral winds. The convecting depletion carries the HF vay paths along,
bending them to the east, The afrglov patch continues moving until the depletion can no
longer tefract the heater rays. The heater beam returns to the vertical and the process

repeats,
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fig, 3. Schematic flluseration of ray bending by convacting depletions.

When the beam {s bant to the east tt looses efflclancy for producing energatic electrons,
Consequently, the 630,0 nr afrglow intensity pulsates as the beam moves back and forth., The
periodic enhancement and depreassion of the heater alrglow continues untit the heater s
turned off rt 02:01:3% ASTl After turnoff, the long llived O('D) spectes dlffuses outward.
The 148 second 1iCatine of O('D) Limits the response time of the atrglow to fluctustions in
the energetic electron fluxes.



JANUARY 13, 1986 RESULTS

The experiment wss conducted again on 13 January 1986. A narrow band photometer with §
degree field of view recorded the 630.0 nm intensity in response to the HF heater (Figure 6).
The {mages show that the temporal fluctuations {n the photometer signal which can be traced
to movement of the airglow cloud.
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Fin, 6. Photometer vecord of January 13-14, 1986 HF axperimenta.

The heater turn on at 23:05:16 s>owed a brightening to the east of the heater, Ambient
deneity gradients vefracted the HF rays eastward. Thils turn on sequence is shown in frames
t-A through t-B of Figure 7. The cloud to the east of the heater dlsappsars as one {a formed
at the senith (frames 2-A through 2-E of Figure 7). This patch then drifts eastward untit
tha heater s turned off at 23127100 (Just aftar frame 3-C of Figura 7). This drift speed {is
approximately the same as for Jaauary 9, 1986,



JANUARY 13, 19868
23,04:30 TO 23:27:39 AST

Fig. 7. Formation and convection of artificisl 630.0 nam airglow cloud. The images are
sepatated by S0 seconds.

The HY heater was pulsed with a 2 minute on and & 2 minute off sequence. Figure 38
fllustrates reproducibility {n the alrglow images indicating that the plasma structures
remafin after the heater is turned off.

The post midnight collapse in the FP-layer produced enhancement of the natural 630.0 nm
ajrglow (Figure 8), reaching a maximum at 0200 AST. The HF transmitter was turned on at
N7.40:00 but ro artificial airglow enhencement was recorded wuntil 02:53:48 when a patch
spontaneously materfalized. This cloud lasted until the heater power vas reduced by 3 dB at
02:38:00, No alrglovw was obsarved at half power. Ve therefore conclude that the full power
HF signal barely axceeded the threshold for alrglovw exclitation.

CONCLUSTONS

The energlzation of electrons with excite atrglow occured {n a constantly convecting reglon,
The cavities which were produced by HF heating bent the HF ray paths. As the cavitiea



JAMUARY 14, 1086 AST

Fig. 8. Pulsation of bifurcated airglow cloud when the HF heater {s turned on for two
minutes and off for two minutes. '

drifted under the Influence of external electric fi{elds or neutral winds, the HF rays were
convected earztward. Only eastward drifts of the airglow clouds was recorded. Oon occasion,
the HF beam was split in two,

The cavity gradients diffuse the HF beam, ylelding a reduction {n HF power. The electric
fleld strength may fall below the threshold for cavity and airglow production. In these
cases, the HF beam only becomas effective after the cavity has been transported avay from the
zenith of the heater.

The coincidence betwean enhauced airglow and caviton formation ia reserved for future study.
Preliminary data analysis indicates that the airglow patches only occurred when cavitons were
formed. This may be btacause both phenomena have similar energetic electron requirements.

Fufuu imaging studies should use other alrglow lines. For instance, the 537.7 nm line from
0('S) reyuires 4.19 eV or greater excitation energy. The shorter (0.73 sec) 1i{fetime of this
state would provide better temporal and spatial resolution for the airglow images.
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