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Perp-to-B ISR spectra and plasma drifts

Channel 1 — 2004-06-08 11:55:00
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Perp-to-B ISR spectra and plasma drifts

Channel 1 - 2004-06-08 11:55:00
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Perp-to-B ISR spectra and plasma drifts

Channel 1 - 2004—-06-08 11:55:00
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The differential-phase radar experiment

et o Dot from Dt g pne o o L 0 e o .. @ A single pointing direction.
® First results were published by
~ Feng et al. [2003, 2004].

® Electron density measurements in
relatively good agreement with
ionosonde estimates.
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The new 3Beam experiments

eer T e i ® Three beam pointing directions:
- West and East (perp-to-B)
2y - South (off perp-to-B)

) s o Six antenna channels, two per each
pointing direction.
® | polarization diversity (south)
N ® 2 spatial diversities (west and east)

® VWe can measure:
- Vertical and zonal drifts

RX1=WEST BOWTIE RX3=EAST BOWTIE

RX2=WEST QUARTER RX4=EAST QUARTER - Electron denS|t|es
RX5=SOUTH CO-POL RX6=SOUTH X-POL
RX1.RX2*=NS INTERF. RX3.RX4*=NS INTERF. - Te / T| ratios
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Jicamarca antenna array has 2 polarizations,
each polarization is divided in quarters:
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Jicamarca antenna array has 2 polarizations,
each polarization is divided in quarters:

U-pol excites and detects the West beams

D-pol is used for East beams
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West beam (Bow-tie)
D2W = 78.30 dB
ABS = 4716.19
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3-Tx, 6-Rx
3-Beam directions

| polarization diversity (south) o
2 spatial diversities (west and east)

MAGNETIC
NORTH

RX1=WEST BOWTIE
RX2=WEST QUARTER
RX5=SOUTH CO-POL

RX1.RX2*=NS INTERF.

South beam (One quarter)
D2W = 73.73 dB

ABS = 4375.94
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East beam (Bow-tie)
D2W = 78.04 dB
ABS = 4363.89
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East beam (One quarter)
D2W = 74.54 dB

RX3=EAST BOWTIE
RX4=EAST QUARTER =
RX6=SOUTH X-POL ABS =2888.92

RX3.RX4*=NS INTERF.
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Basic idea used in the experiment: In an ionosphere with Ne and Te/Ti profiles
shown on the left, a north-south beam scan would produce a total backscatter power
map shown on the right, with the sharp enhancement (“dagger”) in the direction where the

radar beam is perpendicular to B: |
' Ps o< Nemp 1) =
1+ T./T, away from perp to B, otherwise non | l

A scan like this cannot be done at JRO having fixed beams, but the effect has been observed and
fully modeled at ALTAIR to estimate Ne and Te/Ti parameters from power scan data.
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Simulated total power and JRO beams

used in the 3B experiment: = "

At JRO, operating at 50 MHz, Mi-effects are important, ¢

and thus both “co-pol” and “x-pol” components of the .
scattered power need to be modeled and processed to ..
be able to estimate Ne and Te/Ti profiles. " ety
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Power and cross-correlation radar data
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* Range vs. time plots of the
signal power and cross-
correlation data measured
in the 3Beam experiment
of June 19,2008.

* On the left, the power
data collected by each of
the radar beams are
displayed in linear scale.

* On the right, the
magnitudes of the cross-
correlation data are also
plotted in linear scale,
while the phase data are
plotted in degrees.
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Forward modeling the beam-weighted data

D2W = 79.4 dB - ABS = 5971.2 :
‘ ‘ o ® Antenna beam-widths: ~| deg).

*% Main-lobe \?U ® The measured data is the sum of
0.06/ : : contributions coming from different
0.04, -10 magnetic aspect angles.
, 15 :
002 Radar equation:
== ool 1-20
Pe P. 4R . .
-0.02} 1-25 K — ﬁ df) W(I') dw U(k,(x])
-0.04¢ ; : : ~30 t
[——100k : ; f
-0.06 500 km 5 : C _35 IS-RCS
—0.08} —A—1OOQ km ? ‘ : - - 2 - 2
20.05 9 0.05 40 o(k,w) = drrg (|ne(k,w)[")

Magnetic field is

obtained from the . .
IGRF 2010 model. Radar Calibration parameters per channel

Unknowns: Densities Ne and Te/Ti
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Collisional IS spectrum model

Based on the Fokker-Planck
collision model, we have
developed a Monte-Carlo
procedure to compute the
IS spectrum for all
magnetic aspect angles.

Electron Gordeyev integral (Ne=1 E12m‘3, Te:1000K,kB:3m)
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This model is an extension
of the Sulzer & Gonzalez
[1999] procedure.
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Collisional IS RCS model

Dependence of RCS on Te/Ti

and magnetic aspect angle: . .
8 P 5 Using the collisional IS spectra we

compute IS-RCS as function of
magnetic aspect angle and Te/Ti.
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Magneto-ionic propagation model (I)

I Appleton-Hartree Solution
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Magneto-ionic propagation model (2)

Soft-Target Radar equation:

E?K = (;{}2% /dﬂ W (t) /dw o(k,w) o(k,w) = 4772 (|n.(k, w)[?)

But now, W (7) is an effective two-way radiation pattern

W () = —Gi(#) G, () (7

k.2

where I'(7) is a polarization coefficient
) = [l 1) i

I'(r)
polarization unit vectors M
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Fitting power and cross-correlation data

DEWD 3Ba - Date: 19-Jun-2008 13:00:00
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Data inversion results

DEWD 3Ba - Electron Density (Ne) —

Date: 19-Jun-2008
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DEWD 3Ba - Calibration parameters — Date: 19-Jun-2008
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June 23-24,2008 Experiments: Ne and Te/Ti estimates:

DEWD 3Bb - Electron Density (Ne) — Date: 23-Jun-2008 DEWD 3Bb - Electron Density (Ne) — Date: 24—-Jun-2008
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Conclusions and Future work

® The modeling of the IS radar data measured by the Jicamarca radar
needs to consider:

- Electron and ion Coulomb collisions effects
- Magneto-ionic propagation effects
- Beam-weighting effects

® We have developed the tools to model these effects, but still need to
optimize our procedure for routine operational use.

® We also need to study in more detail the sensitivity of our model to
plasma temperatures and densities.

® Our model was developed for an O+ plasma, we need to extend our
model to H+ and He+ plasmas for radar observations of the topside.

® Spectral fitting for Te estimation should now be possible given the Te/Ti
profiles and the development of our collisional ISR model.
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