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Traveling lonospheric disturbances (TIDs)

(b)

TIDs are the propagating wave-like electron density disturbances
In the ionosphere. In particular, those with a wavelength of
several hundred kilometers and a period of 15 to 60 minutes
are called Medium-Scale TIDs (MSTIDs) [Hunsucker, 1982].
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Generation of nighttime MSTIDs

In mid-latitudes, the Perkins instability is considered to
contribute to the generation of nighttime MSTIDs.

1. neutral winds u blow in the southwest direction.

2. Pedersen current J is generated by the u X B F-region
dynamo electric field.

3. The Pedersen current causes polarization electric field E
due to the inhomogeneous conductivity structure associated
with MSTIDs.

4. The polarization electric field moves ionospehric plasma
vertically (E X B drift).

O NW-SE-aligned structure and southwestward propagation
O Polarization electric field fluctuations
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MSTID observation by SuperDARN

* Inthe MSTID structure, a polarization electric field is
generated due to the electron density disturbance.

 Due to the E x B drift, electron move to opposite
directions at high and low electron densities.

 Because the sign of the line-of-sight Doppler velocity is %
different at high and low electron density, the MSTID can
be observed by SuperDARN radars.
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Solar activity dependence of MSTIDs

O Previous studies on solar activity dependence of MSTIDs

Amorim et al. All-sky imagers

(2011) Bl lonosonde Negative
Olrzg':)slz'; cE Hokkaido SuperDARN radar Positive Daytime MSTID?
Tsuchiya et al. Shiga : :
(2018) Hokkaido All-sky imagers Negative
O Problems

« The number of paper is small, and it is not clear that the correlation is positive or negative.
* The analyzed location is relatively small, and the global characteristics are not clear.

« There is no previous study which shows the solar activity dependence of the polarization

electric field fluctuation associated with nighttime MSTIDs.
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@

Method : 3-D FFT [Matsuda et al., g014]

e
Determine the horizontal phase velocity and propagation :
direction of AGW from ground-based airglow images.

« High-speed analysis of large amount of data

G-

Apply this method to the SuperDARN radar data
to analyze MSTIDs
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The SuperDARN radars’ Field-of-view
[Nishitani et al., 2019]

Solar activity ... F10.7 index
[https://spaceweather.gc.ca/solarflux/sx-
5-en.php]

Geomagnetic disturbance ...

Hp30 index
[https://www.gfz-potsdam.de/hpo-index/]
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Results: How to Read a Plot
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Each of the four sides represents
the propagation direction
(north at the top).

Color bar represents the power
spectral density (PSD), which
depends on the occurrence
probability and amplitude of MSTIDs.
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Results: MSTID propagation

Japanese radars American Radars

B Mid-Latitude
[Nishitani et al., 2019]

The PSD peak is
positioned at the lower
left of the plots.
—Mid-latitude MSTIDs
mainly propagate
southwestward.
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Results: Solar activity dependence
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The relation between average
PSD and F10.7 Index is ...
Japanese sector: Negative
American sector: Positive
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Results: Solar activity dependence
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Perkins instability
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(up) | electric current by
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North American sector ... _ rent
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e
O Propagation direction ®
Waves with NW-SE wavefronts grow due to Perkins instability
—Southwestward propagation
%, 2
Consistent with the results of many previous studies. “ Qo ©
(e.g. Shiokawa et al., 2003; Ogawa et al., 2009; Otsuka et al., 2013) A eagt
Suy
. /.
O Solar activity dependence “’//701
Collision frequency of ions and neutral particles (v;,) and the scale & _
height of the neutral atmosphere H,, have a positive correlation with solar [Perkins, 1973]
activity. The linear growth rate of Perkins instability

—We can explain the negative correlation observed in Japan. T :
gsin“l sina sin(6 — a)

(v ) H, cos 6

Y

However, the positive correlation observed in North America can’t be
explained by this theory.
—One possible factor is the difference of the magnetic latitude. 12




Geomagnetic activity dependence
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Discussion: Relation with geomagnetic disturbances

Geomagnetic disturbances cause enhancement of 2-cell north 1
convection. (up)
—Additional poleward convection electric field E occurs
in the Dusk side mid-latitude regions. S~ 0 (E+ux B)
—Additional Pedersen current J, under Perkins instability, geomagnetic rer,t'
leads to further enhancements of MSTIDs. field
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%“é ¢, = 97 kV
v
2022/2/22 [Kelley, 1989] §2‘ 22 23 0 1 2 3 Hour (MLT) 14

[http:/ivt.superdarn.org/tiki-index.php?page=DaViT+Map+Potential+Plot]



Conclusion

We conducted the statistical analysis of the characteristics of nighttime MSTIDs using seven
mid-latitude SuperDARN radars.

O Propagation direction

All radars observe southwestward propagation
—Consistent with the wavefront and propagation direction expected from the Perkins instability

O Solar activity dependence

« Japanese sector (M lat. : 37.3°N) ... Negative correlation

—Not affected by geomagnetic disturbance, and can be explained by the linear growth rate of
the Perkins instability

* North American sector (M lat. : 48.2°N~49.5°N) ... Positive correlation
—Geomagnetic disturbances generate additional poleward convection electric field
—Intensified Pedersen currents, under Perkins instability, lead to further enhancement MSTIDs
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Results: Event analysis

" y i

_ 100_—

<0

E

, [

509&\- - R 0\ . e 1DD_—

; | S :

"'::' AO?N:&‘ /"\,//r \ ‘ 7N : ) 5 ,/ by ¢ i d -_

it 1 w0 S s S 2 I

“l [12410UEsSY 1500 165k - | |1220UESLS 150 165°6 - | [12'30UTES 15008 165 i

0oL

el

A& 300

™ ) 200:—

b ;\“% iy o} i

™| [12s0UEsY 3 e

e L

E

) ///f"~ 5{’_4/ / g— oH

. A BN 8t

\\ p By JC:L L

= 2 - - T 100 _—

2 i: i g 2 S ")J:? :

|| 2 S E) g

£ | 1330 :HJJ? N .

soo

Event: 2019-01-12/ 12:00-14:00 (UT)

2022/1/13 Hazeyama, MSTID by SuperDARN, DIMR Seminar 15 LOQlO(PSD) 19 50



