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THE HICH-LATITUDE D-REGION DURING ELECTRON PRECIPITATION EVENTS
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The paper is concerned with the fluxes of encrgetic electrons entering the
high-lagtitude atmosphere during auroral radio absorption evente, and with their
effect on the electron deacity in the auroral D region, We attempt to calcu-
late the radio absorption during precipitation events from the fluxce of ener-
getic electrons messured at geosynchronous orbit, and then consider the use of
abrorption measurcments to indicate the nagunetospheric particle fluxes, and the
production rates aend electron densities in the D region,

Although riometers have been operated at high latitudes since the Inter-
pational Geophysical Year of 1957-58, and despite a general acceptance that in
the auroral zones they register the effects of energetic electrons which reach
the D region during precipitation events, there has persisted a lack of hard
evidence on the cause-and-effect relationships involved. It has not been
clear, for cxezaple, which part of the electron spectrum causes most of the
suroral radio sbeorption, or how exsctly one can account for the absorption
quaatitatively from knowvledge of the electron ¢pectrum, Further, it has not
been established vhether radio-absorption measurements using riozeters can
serve to indicate the magnetospheric fluxes, the fluxes reaching the atmo-
sphere, or the reaulting electron density distribution in the lower ionosphere =
though useful results from rockets have recently been published concerning the
last point (Priedrich and Torkar, 1983; Miyazski et al., 1981). Considering
the adventages of the riometer technique ac an aurcral monitor (simplicity and
continuity of operation, and cuitability for ute in a network), and sn increas-
ing tendency to combine riometer data with measurements from other ground-based
techniques such as cauerae and magnetometers in auroral studies, it would be a
great adventage to have s more specific interpretation of ricmeter data. The
conparison which we attesit here therefore has a practical aspect as well as
the scientific one.

There are reveral links in the chain of events counecting magnetospheric
particles with auroral radio absorption:

Particle fluxes at geosynchronmous orbit
+
Icnospheric particle precipitation

Electron production rate
Electron deﬁlity‘ﬁrofilc
Radio absorption ‘prof ile
Total radio lbso:;tion.

The ionospheric production rate has been calculated from the incoming spectrum
of energetic clectrons using the method of Rees (1963). The conversion of an
electron-density profile to an absorption profile is straightforward given an
sppropriate neutrai-atmosphere model, and the final integration to total ab-
sorption is trivial. Since there are uacertainties about the iomospheric loes
rates linking production rate to electron density, we may be able to narrow the
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poseibilities here; however, it turns out that the, e are also ma jor effects in
the relation between magoetospheric particles and thoge resching the iono-
sphere.

Penman et al. (1979 a, b) sttempted to calculate aurorsl radio sbenrption
using particle data from the geosynchronous ATS-6., Those data included elec=
tron encrgiee only up to 80 keV, and ope result of the investigation was that
although the 40-60 keV band wvas inportant in auroral absorption production,
extrapolation of the spectrum suzgested that the 80-160 keV baad should also be
inportant. Although reasorable agreement betweer calculated and observed ab-
sorption vas obtained for scze events, the szsller eveuts presented greater

difficulty.

The present study uses the medium-energy charged-particle spectrometer on
CE0S~2, which covers the energy renge 15-300 keV, The detector reception engle
is rectangular, *2° by *3°, and the standard data proccesing sorts the fluxes
into bins sccording to pointing angles (vith respect to the geomagnetic field,
vhose orientation is known from the nagnetoneter) of 0° - 5°, then every 10°,
up to 175° - 180°., There sre 15 energy ranges, the energy being determined by
pulse height analysis. The cventes studied were selected using the University
of Lancaster riozeter network in Scendinavia. To try to ensure thst the GCEOS
footprint was close to the ground stations events were only used if there vas
similarity of tice variation betvecn the absorption event and the satellite
particle flux, and if the sbeorption event was fairly uniforn over the riometer
network. The absorption was calculated from the measured 0° - 5° fluxes for 37
occasions betueen September 1978 and June 1979, two thirds of them during the
vinter montha. The absorption measured at 30 iz rauged betveen 0.1 dB and
6.0 dB. Initially, a height profile of the effective recombination coeffi~

cient, a,, vas assumed on the basis of published literature.

Calculations of the absorption sssuming that the measured 0° = 5 flux is
indeed the flux precipitated into the etmosphere give values that are about
right for large events but are consistently over-estimates for the emall
events. Taking the ratio R = A, /A , where A and A are re~
spectively the observed and calggiatgglgbaorption sglues, Eglia found that the
variation of R with Abe is wvell represented by a relation

R = 1.15 tanh (A, /3.3). L

The use of the function tenh is purely empirical and at this stage has no sig-
pificance other than that it fits the data. The constant 1.15, whose value in
any case depends on the magnitude ofoe(h), represents the fact that vide-beem
riometer data tend to overestimate the true (or zenithal) absorption because of
the obliquity of some of the received cosmic-noise sigrals. Its precise value
is not germane to the present analysis. We note in passing that of the data
points about ome-third represent daytime (i.e. sunlit ionosphere) and two-
thirds night (dark ionosphere), but the saxe procedure works equally well for

both sets and it appears, therefore, that solar illuzination has no eignificant
effect.

It secas likely that the departure of R from a constant value stems from
the assumption that the flux recorded by the GEQS detector within pointing
angles 0° - 5° is the flux actually precipitated into the atmosphere. The
theory of pitch-angle diffuasion given by Fennel and Petscheck (1966) shows that
there will be a distribution of pitch angles vithin snd juat outside the loss
cone. Since the theorctical loss cone in our case is 2.6°, the detector will
record particles outside the loss cone that do not reach the atmosphere. How
gerious this is depends on the pitch sngle diffusion cocfficient, D. If D is
sufficiently large we have strouog diffusion, with the loss cone re-filling
rapidly and an aloost wiform distribution of pitch angles, In this extreme
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the 0° - 5* flux indeed represents the flux in the loss cone. But if D is
small, diffusion is weak and there will be a hole in the pitch-angle distribu-
tion, a depletion to which the +2° by = 3% detector is relatively insensitive.

Calculations based on the Kennel and Petscheck theory have been carried
out to predict the response of the detector as fuactions of pointing angle and
diffusion coefficient, and by going back to the rav particle data examples have
been found which tend to confirm that the loss cone is more depleted (relative
to the region just outside the loes cone) for weak absorption events than for
stronger ones.

For m a-type loss process the radio absorption should be proportional to
the square root of the figduction rate. We therefore identify the term tanh
(A ’13.3) vith (F_/F )"/, where F_ is the flux precipitated (i.c.
vi?gxn the 2.6° 108s Tone) and Fm is the 0° - 5° measured flux. From this
relation it is seen that F_/F_ exceeds 502 if A > 3 dB, but is only 10
: Ny obs ., . . .
if Aob = 1 dB. To get thé ratio over 90Z, approaching an isotropic particle
dist2ifution therefore, the observed absorption must exceed 6 dB. Absorption
events as large as this are infrequent. (During the whole IMS period of 4 years
there were only about 35 events > 6 dB in Scandinavia). It seens, therefore,
that most auroral absorption events occur under conditions of less than strong
diffusion.

It is also possible to relate the magnitude of the absorption evgg: EY

that of t&g di{fusion coefficient. Values range between about 1 x10
to 3 x 102 s © from strong to weak absorption eveats.

Having derived a method for calculating the radio sbsorption from particle
fluxes measured at geosynchronous orbit, we now consider what absorption
measurcments using & riometer can tell us about magnetospheric particles and
about D-region electron densities, and what rcliance can be placed om such
estimates. For this purpose the precipitsting electrons are considered in
energy bands 20-40 keV, 40-80 keV, 80-160 keV and 160-320 keV. Plots of the
energy flux within a givez bend and over pointing angles 0° - 5* shov the as-
gociation with the measured radio absorption to be best for the 40-80 keV and
80-160 keV energy bands. The band 160-320 keV show no significant assosiation,
indicating that these particles do not usually produce much auroral absorption.
sorption provides a worthwhile indicator of the energy flux if the absorption o
exceeds 2 dB, Below that level it places an upper limit on the cnrergy fluxes,
Equations have been derived for these relationships, both for 0° - 5° and for
trapped (85 = 95°) particles. No day-night difference is evident.

The procedure has been carried through to estimates of electron-ion pro-
duction rates and electron deasities, both as a function of height in the D
region. As an exmmple, the estimated prcdgction rate (Q) at §§ kglis related
to the 30 Miz absorption (A) by Q = 4620 A, where Q ir in cm ~ 5 and A
is in dB. The scatter of the data points suggests that a prediction using this
formu,a would be correct to within a factor of 2 on 95% of occasions. In con=
verting production rates to electrom densities .several profiles of the ef fective
recopbination coefficient, a_(h), were tried, and the final choice (which is
entirely consistent with puglisbcd estimates of a ) was influenced by refereace
to rocket dats on D-region electron densities duri%g auroral absorption events.
The procedure eventually arrived at gives clectron density profiles that agree
reasonably well with the anelyses of accunulations of rocket data by Friedrich
and Torkar (1983) and by Miyazaki et al. (1981).

Thie etudy is being published ip €ull in the Journal of Atmospheric and
Terrestrial Physics.
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