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Abstract

The plasma transport coefficient in the auroral turbulent ionosphere is systematically measured
by the SuperDARN network. The measurement principle and technique are described and
validated. High values of the diffusion coefficient are found and discussed.

1. Introduction

Observations of the auroral ionosphere by coherent radar backscattering provide information on
the electron density volumefluctuationsand motion acrossthemagneticfield lines. Observations
are now routinely obtained by the SuperDARN radar network over the arctic polar region,
providing not only the echo intensity and Doppler velocities but also the echo time correlation
function. The later contains information on the microscale plasma motion which are worth
using. To this purpose, we devised amodel based on the hypothesis of fluctuations being made
not of progressive waves but of irregular convective motion. This model is presented here, as
well asthe resultsit provides from the SuperDARN data.

2. Plasma motion and collective scattering signal time correlation

Scattering of an electromagnetic wave is known to provide a space Fourier transform of the
elementary scatterers space distribution [1]. The scattered el ectromagnetic wave is amplitude
modulated by the complex signal S(t)

s(t) = /Ve_iE'F(Sn(F,t) dr® (1)

—

where the effective analyzing scattering wavevector k£ is the vector difference between the
scattered- and the incident- electromagnetic wavevectors. For coherent scattering conditions,
the scattering wavel engthismuchlonger than the Debyelength and observationsare concentrated
on slow time scales (much longer than the plasma period). Thisimplies the plasma scattering
elements to be the dressed ions and the density én in Eq. (1) istheion density. The signa time
modulation is related to the ion fluctuating density field evolution. We wish to establish which
kind of plasma properties can be obtained from the scattered signal analysis. Thisis possibleif
we hypothesi ze the space-time fluctuation evolution to result only from the plasma convection,
i.e., dengity irregularities are assumed to be convected at the local flow velocity. Thisis how
most of the neutral turbulent gas fluctuations behave, and furthermore, it is compatible with
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MHD plasma dynamics. The signal time correlation function is the averaged product of two
signal values (such asin Eqg. (1)) obtained at two different times. Using mass conservation, the
autocorrelation function can be shown to be [2]

<s(t).st+7)> = S(k). < AT 5 kYo (2)

-

where S(k) istheso-called "formfactor”, madefrom the square density space Fourier transform.
It quantifiesthe plasmaspace distributionirregularity. 5(7) isthe plasmadisplacement inatime
7, in the plasma reference frame. The second term in Eqg. (2) is the statistical "characteristics'
of this plasma displacement probability distribution: it depends on time through the turbulent
transport motion. Thethirdtermin Eq. (2) isthe steady Doppler shift component. Displacement

A(r)isalagrangianvariable. Itsprobability distribution over alarge enough observation volume
can be assumed to be gaussian and its characteristic function is

< kA 5 e~ 3 <(E.5(7))2>’ (3)

where A?%(7) is obtained from an integral of the lagrangian velocity §o correlation function
RL(t),

A2(7) = 27 < 6760 > / " (7 — 1) Ry(1) dt. (4)
0
As shown by Monin and Yaglom[3], R, (¢) can be assumed to be an exponential decay
Ry, = e T (5)
In which case,
A7) = 2.D.T; (— +¢e T — 1) (6)
T,

where the lagrangian correlation time 7}, and the diffusion coefficient D (in the direction of &)
are defined as

.= [ Rur)dr (7)
0
D = <0.6v>Ty (8)

Then measurements of the temporal dependence of the complex signal autocorrelation function
amplitude can be compared to Eq. (6) to check if the convective motion hypothesisappropriately
predicts the experimental result. I it does, a numerical best fit of these measurements provides
adetermination of the plasmaturbulent diffusion coefficient, and of the autocorrelation integral
timescae.

3. Measurement of turbulent transport in the auroral ionosphere

SuperDARN isanetwork of coherent radar over the northern and southern polar regions, aimed
at observation of the solar wind forcing on ionospheric convection. Collective backscattering
is used to determine the plasma velocity (in a plane perpendicular to the magnetic field) by
Doppler shift. A multipulse transmission and detection scheme leads to the determination of
the complex autocorrelation function. Radar frequencies are ranging between 9 and 14 MHz,

1127



1998 ICPP & 25th EPS CCFPP ----- Auroral lonosphere Plasma Turbulence Transport Coefficient:...

thus the probed irregularity wavelength is of the order of 15 m, much greater than Debye length
(Ap = 1lem), and greater than ion Larmor radius (p.; ~ 3m). A typica example of a signal
correlationisshownin Figurel as a series of

black dots. The analytical characteristic func- STOKKSEYRI - 24/12/1995

tion (Eq. (3) and (6)) that best fits these results e w00 e o001~ e =5l e s
is shown as the full line: it is obtained with a

turbulent diffusion coefficient of 314 m?/sand a

correlation time of 13.5 ms.

ACF: Experimental Points and Analytical Function
4x108 [T T T T T T T T T T T T T T T T T T T T

As a first check of this method, the tur- v’}
bulent diffusion coefficient thus obtained should :
be independent of the radar frequency. It is not
possible to probe the same plasma position and
state simultaneously by two radar beams of dif-
ferent frequency since the em. ray trajectories
are different.

(Arbitrary units)

ACF Power

But it is possible to look at a large num-

ber of measurements and form histograms of the “H“ -
obtained diffusion coefficients at two radar fre-
quencies. This is shown in Figure 2. The two Figure 1.

different radar frequenciesare 9 and 12MHz (an-
alyzing wavelengths are 16.7 and 12.5 m resp.).
Thetwo distributionsclearly show different char- i A
acteristics. The one obtained at 9 MHz (red/gray ’ P o 12 1157
area) is maximum for a diffusion coefficient of i
400 m?/s and displays a large width (200 m?/s),
whereasthe 12 MHz histogram (blue/black area)
ismaximum at 100 m?/swith asmaller width (50
m?/s). Thus, changing the effective wavelength
by a factor of 1.3 leads to an increase of the
measured diffusion coefficient by a factor of 4.
Using other radar frequency channels, itisfound
that distributions obtained for radar frequency o
comprised between 11 and 14 MHz are nearly "

identical to the oneat 12 MHz.

Diffusion coefficient in the F—region

Figure 2.

The diffusion coefficients obtained with a high frequency radar (above 11 MHz) are of the
order of 100 m?/s. Thisis of the order of the Bohm diffusion coefficient which could apply
to a turbulent plasma in the collisionless F-region, where it is estimated to be 125 m?/s. It
is aso of the order of the microscopic ion cross B-field diffusion coefficient in the collisional
E-region wherethis coefficient reachesits maximum value. But for lower radar frequencies, this
numericaly obtained "best fit diffusion coefficient” is found to behave abnormally. It increases
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when the radar frequency decreases down to thetypical ionospheric plasmafreguency (7 MHz).
This strongly suggests a deterioration of the radar beam coherence due to the ionospheric
irregularities effects on propagation. This effect is stronger as the radar frequency comes closer
to the plasma frequency, whereby the spectrum width increases and also, consequently, the
measured diffusion coefficient. In addition, it should increase with the radar wave propagation
path length. Thisiswhat isfound in Figure 3. Thisfigure shows two families of 2-dimensional
isocontours of the "best fit diffusion coefficient” valuesoccurence frequency distribution,
obtained as a function of the echo distance. To Distributions: D and Range
thispurpose, over 100,000timecorrelationfunc- 02 M0z 10%907 s 5 12 Wiz 51164 ps
tions have been analyzed. The distributions are Bue: 12 Mz

plotted for radar frequencies of 9 (red/greyline) Red: 09 MHz

and 12 MHz (blue/black line). For short propa-
gation distances, both distributions are close to
each other. At 12 MHz, the "best fit diffusion
coefficient” is distance independent while at 9
MHz it is linearly increasing with the propa-
gation length. These findings support that our
model provides an accurate diffusion coefficient
determination at high radar frequencies and that : e
asystematic biasisadded by propagationinlarge B T S
optical index fluctuations at lower radar frequen-

cies. Figure 3.
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4. Conclusion

Coherent radar backscattering signal time correl ation functions show featuresthat are consistent
withamodel of scattering out of plasmaturbul ence convected density fluctuations. A continuous
monitoring of the auroral ionospheric plasma diffusion coefficient is possible, provided the
radar frequency is above 1.6 the mean plasma frequency. New insights into the ionosphere
plasma physics are open. The similarity between the observed plasma diffusion coefficients
and the expected maximum collisional microscopicion cross-B diffusion coefficient is probably
significant.
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