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Stereo-mode observation of SAPS structure using the

SuperDARN Hokkaido West radar (8 Sep 2017)
chA (10.8 MHz): 2-D (1 min res) chB (9.2 MHz): fix to b10 (3 s res)
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Makarevich and Bristow (2014): mid-latitude
SuperDARN observation of Sub-Auroral

il

Magnetic Latitude

—

Polarization Streams (SAPS) wave structure oI sy o b g
- ETHAL 4 '|I-.-HI'-'!I|.'I"' AT e ~ * SAPS are fast westward flows in the v
(/e / - 1Y : afternoon to postmidnight subauroral - ek =t
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ISR i SR of both magnetospheriCE- Summary and Discussions: 2017/09/08 event
| : : | field mapping and ionospheric There are various temporal scales of the subauroral flow variations, with main scales at
iehedboal'Ck mecgiglsmh. - several tens of mins, ~10 min and ~1 min.
. ey discussed the characteristics o . : e
wavy structure (with 5-10 mins) Several tens of mins variations | |
signature, originally reported by » Seem to be directly related to the solar wind pressure pulse and concurring substorm
Foster et al. (2004), together with GPS expansion.
TEC variations. o * 10 min variations
* Reported on the relationship between > Similar to Foster et al. (2004) and Makarevich and Bristow (2014) SAPSWS although
TEC and flow velocities demonstrating ) .
the importance of ionospheric the present event has slightly longer period.
feedback process. e 1 to 1.5 min variations
* Similar event was studied using the » Very similar to Pi2 pulsations, but...
See also the recently published mid- i?agu}tIIR%gPsg;teerlﬁéRbl\yl/?—Iac;c?i 2 ?gl e The longitudinal wavelength (~ 10 degrees: m-number ~ 36, corresponding to
latitude SuperDARN review paper by (GRL, 2018) and Hori et al. (SGEPSS, propagation speed ot 0.85 km/s) 1s much smaller than the typical P12 pulsations.
20 Nishitani et al. (PEPS, 2019). inar 2019). 5 * The P12 pulsation peak in the geomagnetic data 1s about 10 minute earlier (Norlisk
¢ : . magnetometer data, courtesy of Alexey Pashinin at ISTP RAS SB).
Remalnlng qHQSthIlS. » High m-number poloidal waves (e.g., Le et al., 2017 GRL and references therein)?
1. Wﬂnat 1s the relationship between the SAPS / global convection and the IMF changes / »  Similar period (>~ 100 s) and m-number (>~15), whereas their event continues
substorms? longer (up to ~45 min) than the present event (~ 10 min).
2. What 1s the 2-dimensional distribution of SAPS perturbations? » Intermittent particle injection (e.g., Hori et al., 2018 GRL)?
3. What 1s the relationship between the perturbations in the SAPS structure with different * All of these variations seem to be associated with solar wind dynamic pressure pulse or
temporal scales? substorm expansion onset, although further investigation 1s necessary.






Stereo-mode observation of SAPS structure using the SuperDARN Hokkaido West radar (8 Sep 2017)
chA (10.8 MHz): 2-D (1 min res) chB (9.2 MHz): fix to b10 (3 s res)
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Hkw observed SAPS variations with temporal scale ranging from 1 minute to a few tens of minutes.
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Stereo-mode observation of SAPS structure using the.

SuperDARN Hoklaido West radar (8 Sep 2017)
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Makarevich and Bristow (2014): mid-latitude SuperDARN observation of Sub-Auroral Polarization Streams (SAPS) wave structure



SAPS are fast westward flows in the afternoon to postmidnight subauroral ionosphere, presumably generated as a result of both magnetospheric E-field mapping and ionospheric feedback mechanism.

They discussed the characteristics of wavy structure  (with 5-10 mins) signature, originally reported by Foster et al. (2004), together with GPS TEC variations.

Reported on the relationship between TEC and flow velocities demonstrating the importance of ionospheric feedback process.

Similar event was studied using the 2D multiple SuperDARN data and Arase / RBSP satellite by Hori et al. (GRL, 2018) and Hori et al. (SGEPSS, 2019).
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See also the recently published mid-latitude SuperDARN review paper by Nishitani et al. (PEPS, 2019).
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Makarevich and Bristow (2014): mid-latitude
4perDARN observation of Sub-Auroral






Aug 26, 2018 event

IME, solar wind and geomagnetic parameters on 26 Aug
2018 (http://omniweb.gsfc.nasa.gov/ow min.html)
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2018/08/26 event characteristics
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During this event, the SD
HOP East radar was (by
accident!) operating with
‘rbspscan” mode, where
beams 0,1,3 were camping
beams (12 s resolution)
whereas other beams had 2
min resolution.

This operation mode was
run by mistake (storm-
trigger mode should have
been terminated!), but
fortunately we can discuss
the detailed characteristics
of wave propagation.

2018/08/26 event characteristics

* Using the rbspscan mode

SUPERDARN PARAMETER PLOT ongaoe= (12 S resolution for
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— Stronger vlos for beam 3
(more eastward): toroidal
mode?

Summary and Discussions: 2018/08/26 event
* The variation 1s characterized by ~ 5 min period wavy changes.
» Similar to Foster et al. (2004) and Makarevich and Bristow (2014)
SAPSWS.
» Could be related to Pc5 variations
* Propagation speed: ~250 km/s (westward)
* wavelength: ~750 km (1 hr MLT)
* m-number: ~24
* Poloidal or toroidal? : not easy to 1dentify because all camping
beams are n-s oriented approximately, but more eastward beams
have stronger vlos whereas both have max vlos of ~ 1000 m/s.
» The generation mechanisms of these variations have not been fully
understood.
* Varniations could be triggered by small changes in IMF Bz / solar wind
velocity, although further investigation 1s necessary.
* Further investigation 1s necessary to see whether the event 1s exactly
located at auroral or subauroral region.

Summary of 26 Aug 2018 / 8 Sep 2017 events

Event date | UT/LT Wave T | Speed A Possible trigger
(min Dst) (max v) (westward) | (m-number)

2018/08/26 06UT/16MLT ~5 min ~2.4 km/s ~750 km IMF Bz / SW velocity

(-174 nT) (m: ~24) change
2017/09/08 12UT/20MLT ~1-2min ~0.85km/s ~500 km (m: Pressure pulse /
(-109 nT) ~36) Substorm expansion
~10min - i onset
~several - -
10mins

rbspscan

* Beam sequence 1s such as:
15,1,0,14,13,3,12,1,0,11,10,3,9,1,
0,8,7,3,6,1,0,5,4,3,2,1,0,3,...

e Beams 0, 1 and 3 were scanned
every 12 seconds

* Other beams were scanned every
2 mins

* With this mode 1t 1s possible to
monitor the period, propagation
speed and azimuthal wavelength
of the pulsations of a few minutes

Summary and conclusions

* (Mid-latitude) SuperDARN 1s a powerful tool for investigating the
1onospheric convection dynamics at subauroral and mid-latitudes.

* Using the special operation modes (e.g., stereoscan@HKW /
rbspscan(@HOK) 1t 1s possible to investigate detailed characteristics of
wavy flow variations mainly at subauroral latitudes.

* New data fitting algorithm (fitact3) significantly increase the amount
of echoes, which enables more detailed data analysis.

* Further discussion of their possible generation mechanisms 1s a subject
of future studies.

* Comparison with spacecraft data (e.g., Arase, RBSP) 1s under way.

o Another topic. |
Mid-latitude SuperDARN review paper now published online!

https://dol.org/10.1 E};Hmn_
. .BFs
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2018/08/26 event characteristics

Using the rbspscan mode (12 s resolution for camping beams) we can discuss detailed characteristics of the wavy variations:

Period : ~5 min

Propagation speed (judging from beam 1/3 delay of 1.7 min): ~2.5 km/s westward

Wavelength: ~750 km (1 hr MLT) -> M number: ~24

Stronger vlos for beam 3 (more eastward): toroidal mode?
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2018/08/26 event characteristics

During this event, the SD HOP East radar was (by accident!) operating with ‘rbspscan’ mode, where beams 0,1,3 were camping beams (12 s resolution) whereas other beams had 2 min resolution.

This operation mode was run by mistake (storm-trigger mode should have been terminated!), but fortunately we can discuss the detailed characteristics of wave propagation.
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Summary of 26 Aug 2018 / 8 Sep 2017 events

		Event date (min Dst)		UT/LT
(max  v)		Wave T		Speed (westward)		λ
(m-number)		Possible trigger

		2018/08/26
 (-174 nT)		06UT / 16MLT
		~5 min		~2.4 km/s		~750 km
(m: ~24)		IMF Bz / SW velocity change

		2017/09/08 (-109 nT)		12UT / 20MLT		~1-2min		~0.85 km/s		~500 km (m: ~36)		Pressure pulse / Substorm expansion onset

						~10min		-		-		

						~several 10mins		-		-		
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Summary of 26 Aug 2018 / 8 Sep 2017 events
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