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Overview

lonospheric heating experiments
Incoherent Scatter technique

Modelling the electron temperature (Te) during
heating experiments

Field-aligned irregularities (FAI): temperature
dependence

CUTLASS backscatter & relation to growth and
decay times of FAI

Future work



height along B - field aligned
irregularities (FAI) develop

EISCAT UHF (933MHz). IS analysis used
to infer plasma parameters

CUTLASS (8-20MHz) Wave s Bragg- — e T
scattered from single height over
extended horizontal range

Schematic from Fig.1b, Robinson et al., 1998
DOPE: Doppler Pulsation Experiment, 4-

5MHz, monitors anomalous absorption



EISCAT Analysis

e Radar receives scatter from natural waves in the plasma in
thermal equilibrium (Maxwellian) due to thermal fluctuations

e Fits curve to power spectrum to get best fit parameters
e During heating, plasma becomes non-Maxwellian

lon line averaged during heater off
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‘lon Line overshoot’

e Parametric Decay Instability (PDI) drives plasma turbulence at
heater reflection height

— Enhanced ion-acoustic waves

e Oscillating Two-Stream Instability (OTSI) or purely growing
mode (PGM) = Spectrum contains central peak in first few
seconds only

e No present theory for Te under thermally chaotlc conditions
e Distorted ‘double humb’ —how d ?

EISCAT lon line averaged while heater on
------------------- EISCAT PARAMETER FLOT

Elestron Tamparoture: OF f16/1987

=
—
T
|

=
—
X
T
|

= =
- [s=] —_
. [5=] =] i} Y
LI R S T
| |

=
=]
T
|

Mormalized Spectral Power

Te decrease at
heater turn an

=
=
I

=
=
T

Frequency /kHz

Example of ion line at turn on



Modelling the Te Profile

‘Modified’” Epstein and Chapman functions used to model height
profile of Te change during heating:
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B2(z)= B0+ kz X=z-2, HZ =HO0+kz

= G

4 free parameters (A, G, k, BO/HO)

Fitting to ATe profiles — get model estimate at peak ATe height
T.-T
AT, =—2—2
TO
Trial parameters varied simultaneously, least squares technique

applied until variance of model from real profiles minimized




EISCAT ond Best fit Te change ot 1212 OUT
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Epstein

is 1) included, 2) excluded in
calculation of variance i.e. Complete
profile or only data above / below
peak height

Aiitudn Sl

e Implemented profile fitting so far
for ~90 heating periods between il
1996-2002 at Tromso )

Fractional Te change

-Fits to profiles for data at heater switch-on— ATe derived from distorted spectra
-Fits to data averaged from 20s to end of cycle (no PGM) — large scale ATe



Epstein Model
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Results

Majority of estimates with error close to 0 show
good agreement between model and EISCAT

Model fits predict lower ATe at largest ATe

‘Anomalous’ cluster at small ATe where Chapman
estimate is lower than EISCAT

Not enough data points a very large ATe (UHF) to
make reliable conclusions

Is max ATe really a good proxy of interaction
height (Zm), where ion line overshoot occurs?

Cases where power profiles maximise at different
height to max ATe. Power profile resolution = 4-
5km, ATe at = 22km



EISCAT and Best fit Te change ot 1212 QUT
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Epstein fits Modelfitted interaction ‘Real’ interaction height?
height



Epetain bast fit for max gpectral gnhancemenlts
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Modified profile
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vary as a free parameter until
variance minimized

e ‘Re-fitting’ check for all 90 Te
profiles at turn on AND also
averaged (‘steady state’) profiles oo
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Difference between EISCAT and Re—Fitied Function Te

Variance
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Field-Aligned Irregularities

EM heater (‘pump’) wave mode-converted to electrostatic
(upper hybrid) waves at UH height - Thermal Parametric
Instability (TPI) excited

— Beating of EM/ES waves = plasma heating

—> Net motion of electrons along B = field-aligned irregularities
at UH height

— Density depletions - can scatter low power radio waves
(‘anomalous absorption’) + trap UH waves = enhanced
heating

Grow to many km along B, few m across B
Significant effect on electron dynamics

Ultimate goal to make comparison between Tromso and SPEAR
(polar cap ionosphere, greater variability) - lower power facility



FAI Rise and Decay

* Characteristic growth & decay rates of FAI strongly
dependent on electron temperature:

T, Tg = E Yo QILEE

¥ N“D,
¥o = =1.8D  k*
 Thermal conduction coefficients obtained from
EISCAT data

Dy = 27D (Tsq + Ty)*

knggV _ RBTE'EI
bLs m, Q2 LI =0 5tm,v
e Model rates from CUTLASS backscatter, k is fixed —
check consistency of EISCAT data

T X TEOS



SUPERDARN PARAMETER PLOT
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FAl Rise and Decay Times vs.

Rize time v3.Te [turn on)
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Rise Time vs. Range gate Decay Time vs. Range gate
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Further work

Te fitting for LOTS more heating cycles + estimate growth
& decay rates for more CUTLASS ‘patches’ - test theory

* Check correlation between model Te andt (rise time)

* EISCAT scanning experiments: check how data fit with
theoretical Te-range profiles - need to modify model?

— TeO assumed constant forT0 estimates; but Te decreases after
heater turned off - time-dependent decay rate

— Te ‘decay’ rate will determine effective FAI decay rate

— Lower —than-expected Te from theory may correspond to T0
representative of latter stage decay?

* Simple exponential decay curve not very accurate for
time-dependent decay rate



