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Field-Line Resonance (FLR)
— Frequency of the field-line eigen-oscillation
— Magnetospheric Density

An incoming wave
and a magnetospheric
field-line
elgen-oscillation
resonates where the
field line’s
elgen-period matches
the iIncoming-wave
period.

Eigen-period o< [, p1/2
where | : field-line length,
pY2: plasma density
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[Glassmeier, 1995]



Event of this paper

VLOS of HAN Beam #1
HAN b1
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O Density estimates from the auto-I1D’ed Backscattered from:

FLR’S Square: ionosphere (|VLOS| > 190 m/s)
_ o Triangle: sea (|VLOS| < 35 m/s)
O Features of the density distribution: YK

 There are pretty large density
fluctuation in the small area.

 \We notice that the densities
estimated from the sea-
backscattered signals (triangles
In the figure) are smaller than
those estimated from the
lonosphere-backscattered
signals.

— We have estimated the error
ranges of the densities shown
right (— next slide):




O The density estimates of the last slide, shown in a different format, with
largest-estimated error bars (assuming that the error in the frequency is
0.5556 / 2.0 mHz)
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O Density fluctuation in the small area

 The pretty large density fluctuation in the small area, as shown in the
last two slides, could be due the quantization of the frequency
(n X 0.5556 mHz), coming from the FFT.

— Needed: =Error estimation (rough estimation was made in the last
slide)
- Increasing the frequency resolution by using
- DFT (direct Fourier Transformation) or
- Zero-padding

— We have tested the zero-padding (next slide):



O Zero-padding
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O Zero-padding (1)

The result of applying the
gradient method to

(1) two VOS timeseries-
datasets from RGs #18
and #16, after the (2)
Hanning window Is
applied to the each.

(2) two timeseries-datasets
of padding zeros to the
datasets of (1)
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O The zero-padding-based density estimates, with largest-estimated error bars
(assuming that the error range in the frequency is half the frequency distance
between the maximum and minimum amplitude-ratio points).

p [amu/cc]
140

120
MLT=17.4 [hr]

100 MLT=
oo 175 | F
0 wLT=AE | MLTH17.4

17.9 _
40 A MLT=17.8

20

0
65.0 65.5 66.0 66.5 67.0 67.5

mlat [deg]

MLT=17.6 O

e The difference in the small
area has become smaller.

» The difference between the
lonospheric and sea
backscatters has also become
smaller.
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O Effect of applying the Hanning window
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Raw VLOS data
(Beam #01, RG #16,  The initial pulse just after the

: 15:10-15:40 UT SC is almost deleted by the
3 Hanning Window.

I o o s | Does not this affect the FFT
-] | result?

— N~ d Hanning window
i B R WA | is applied

B 11 S S S S S S S EP—

rhrem 1510



()

<
oo

<o
>

i
S

e
Mo

o
o

ST

100 150 200 250

» We have applied the
Planck-taper window, and
looked at the difference
between the two windows
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e black: boxcar window
e red: Hanning window
* blue: Planck-taper
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 The initial pulse is pretty well
kept with the Planck-taper
window, while

o it Is almost deleted by the
Hanning window.
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* The amplitude of the highest peak is much

so0 . -

400 —

200

=240

» black: boxcar window
e red: Hanning window

* blue: Planck-taper
window

—400 P T T S H S S S S S S SR S SR R

I 10

 The initial pulse is pretty well
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Hanning window.
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- Zero-padding before and after the true data

Hanning + Zero—padded
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O Summary

- The fluctuations of the estimated plasma density in the small area
observed by HAN have become smaller by increasing the frequency
resolution.

- For SC-driven perturbations, the Hanning window could be inadequate.

O Ongoing project

- We have been developing an all-in-one IDL code to automatically
Identify FLR events for all the beams of a SuperDARN radar at any
given time.

- The current codes could be further improved, and we are working on
that, too.
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