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Low latitude aurora behind the SuperDARN HOP East radar (2015.3.17 1610 UT)




High Frequency (HF) radar:
measurement of ionospheric convection velocity
using lonospheric scatter

:  Emit the radar wave
toward the ionosphere.

_ Waves are
F-region
ionosphere backscattered by
ionospheric
 E-region irregula rities.

ionosphere

/ ///// /// jonospheric convection

* Using Doppler shifts

velocities can be

Adapted f G Id et al., SSR, 1995.
apted from Greenwald et al., SSR, measured.
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High Frequency (HF) radar:
measurement of ionospheric convection velocity
using lonospheric scatter

F-region

ionosphere

kkkkkkk

- E-region
- ionosphere

///

Adapted from Greenwald et al., SSR, 1995.

2025/03/19 SuperDARNFFZE £ & (HK)

Note: at the backscatter
region, the radar wave
vector should be
perpendicular to the

ambient geomagnetic
field

Thank to the reflection at
ionospheric height, HF
radars can cover much
wider regions than VHF
radars, so that it is
possible to monitor
ionospheric dynamics
over much larger areas —

Ray Greenwald magic *




Super Dual Auroral Radar Network (SuperDARN)

From vt.superdarn.org website Standard temporal resolution: 1-2 min

Northern Hemisphere Southern Hemisphere
b 1

ordinates

AACGM_VEZ coordinates
AACGM_VZ co

al
—45° —30° —15° o° 15° 50° —135° —150° —165° 180° 165° 15 135°

30 0°
[ High-latitude I Mid-latitude [T Polar cap

Number of operating HF radars: 38 (24 in the northern and 14 in the southern hemi-
spheres) as of Nov 01, 2020, operated under the cooperation of about 10 countries

The radars use basically the same hardware architecture, same operation software,
same schedule, same data format and same data analysis software, provide important
information for the space weather+/-geaspace dynamics studies. 5




Thomas and Shepherd (JGR, 2018):
SuperDARN in 2004 (left)
and in 2016 (right)

CS510 Model (2005) New Model (2016)

B Mid-Laritude = High-Laritude & FPolar
Figure 2. Fields of view of the Morthern Hemisphers Super Dual Aurcral Radar Metwork radars contributing to the (@) 510 model and (b) new statistical model

in geomagnetic coordinates. Dates in parentheses indicate the final year considered by each model. Mid-atitude, high-latitude, and polar radar fields of view are
shaded orange, blue, and gresn, respactively. Detailed informiation regarding each radar site is provided in Table 1.
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Review of the accomplishments of
mid-latitude SuperDARN

(Nishitani et al., 2019, https://doi.org/10.1186/s40645-019-0270-5)

1. Introduction L\ [memnstosshere]

2. Convection - \ \\;

3. lonospheric T \
Irregularities \\ \ A‘ & B

4. HF Propagation onosphers |\ N S
Analysis o= RS

5. lon-Neutral L SX
Interactions

6. MHD waves

/. Future directions

PEPS Most Cited Paper Award 2021 —
13k downloads (SpringerOpen),

SuPpl' Historical overview 222 citations (google scholar)

2025/03/19

Published: 18 March 2019, correction published: 30 July 2019




Scientific objectives of SuperDARN

magnetosphere

plasm ' phere MHD waves

N\
solar flare effects FACs \

M-I coupling phenomena

MTI coupling phenomena N \
oS . ———
Dlasmaconvection

——— | lonospxere
\

0 W - - TIDs ionospheric
N irlens regularities =~
p L4 NN v |
s\ low—latitude
&

\&ﬁ E s mesosphere echoes N aurora
NS =Y
_ ~Es layer meteor N gravity waves 4 ¥\
| . aurora
~_ Lk

echoes
earthquake/volcano—triggered
disturbances 75,
O’e\

erDARN radar

It is important to identify the effects both from above | Modified from .
Nishitani et al. (PEPS, 2019)

and below the ionosphere.




Examples of SuperDARN radars observation
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lonospheric scatter (a,b) and ground
/ sea scatter (c) echoes

12F Y 1+1pF AT
sgeasldd s s s A e s s s E NN R RN R EE A FREEI_':‘D
(a)
F-region
Bﬂfkscaﬁer R N R R N R N R AN AN EEEEIEEEEEEEEEEEEEE R EmdE e TR E ER.cgim

By e F Region
E-resi
Ba cﬁfla(::lgr \1\ ....... l\ E Region

Ground

1E 1F
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll FRegim
(c)
Ground
Backscaﬁer EnEmmmEEE ||| ----------------- AR EEEEEEEEEEEEE EReginn

Ground

Fig. 1. Schematic diagram representing the typical propagation modes of SuperDARN HF radar signals backscattered from (a) F-region
irregularities, (b) E-region iregularities, and {c) the ground.

Chisham and Pinnock, Ann. Geo., 2002
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SuperDARN history:
high-, mid- and low/equatorial latitudes

1980s First HF radar at
Goose Bay (1983)
Greenwald et al.
(1985) — design

1990s Official beginning
of SuperDARN
(1995)
Greenwald et al.
(1995) — Overview

of SuperDARN
2000s Chisham et al. First mid-latitude , First PolarDARN
(2007) — review of | SuperDARN at 1T at Rankin Inlet
(mainly high-lat.) Wallops (2005) (2007)
SuperDARN
2010s Nishitani et al.
(2019) — review of
mid-latitude
SuperDARN
2020s - First equatorial

2025/03/19 uperDARNEﬁ%%‘%’(ﬂﬂ SuperDARNn
2020s?




Fu

rther Expansion of (mid- and low-latitude)

SuperDARN (planned or under construction)

Northern Hemisphere Southern Hemisphere
£ HOP West £ 4
HOP East s
(2006)
ADE/, 5 5
(2012 T3
CV
(2011)
FHE/FHW [ BPK (2014)
(2009) Blackstthe Wallops
—45° -30° | (&4490) e [162005)30° -135°  -150° -165° 180° 165° 150° 135°
[ High-latitude I Mid-latitude [ Polar cap
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SuperDARN HOP radars
(- Jul 2024)

* Visit to the radar site (Jul 16-19). All the antennas
were working properly, without serious problems
(first time in recent years).

e 2 HKW transmitters looked faulty (FE@12/20MHz and F7@20MHz
and F6) in their receiver LPF performance. All the transmitters’
power were appropriate although some of them looked unstable
(sometime enough power, sometimes no power).

 The plan of implementing a full imaging capability at the HOK
radar is in progress (we get Kakenhi funding from 2022 FY).

* Erroneous connection was found at HKW BASBOX (ChA, Tx out ->
Tx/Rx). It was corrected on Jul 18.

 The network to the radar site often becomes faulty (Jun — Jul).




SuperDARN HOP radars
(Aug 2024-Jan 2025)

e Visit to the radar site (Sep 23-26) again. All the
antennas were working properly, without serious
problems.

e 2 HKW transmitters looked faulty (F6 / F9) (V/F and REL error
lamps were on) but the POW lights were on. | suppose that it is OK.

* |nJanuary 2025, the synth unit became faulty, but it recovered by
itself. We still do not know the reason for the fault.

* The plan of implementing a full imaging capability at the HOK
radar is in progress (we get Kakenhi funding from 2022 FY).

 The network to the radar site often becomes faulty, although it is
relatively stable recently.

 On February 14 (yesterday) we visited the site and confirmed that
all the instruments were working properly.



HOP radars archive (2024.02-2025.03

(=] SuperDARN Catalogue X + v - X
« C B @& O & Not Secure bslsuperdarnc.nerc-bas.ac.uk/apps/sd-cat/ B & L Q ® 91 =
LF Most Visited G Google @) 20A-I%EES5 & SuperDARN Worksho... & SuperDARN Worksho... Midlatitude SuperDAR... X8 ERG-SuperDARN Conj... () Conclusions El FLO-9EHEE-E.. a SuperDARN Data Polic... | > [ Other Bookmarks
SuperDARN Catalogue Home SuperDARN Partners = Documentation~ Part of the British Antarctic Survey -
) dat fit igdat rawacf fitacf fitex grd vigrd grdex map mapex

Radar List

fhe

fhw

fir
hiew
North South
Nagoya University -

Selecnkadacs BygCountoy v Feb 2024 Mar 2024  Apr 2024 May 2024  Jun 2024  Jul2024  Aug 2024 Sep 2024  Oct 2024  Nov 2024 Dec 2024  Jan 2025  Feb 2025 Mar 2025

Show Radars As

Radar Name

2024-06-12 14:00

File Types
DAT
RAWACF
Date Range
|2024-02-01 2025-03-31 |
<< < > =3
Select A Date Range -

Select All
Clear Selection

Reset View

Generate Plot

Author: British Antarctic Survey - UK Polar Data Centre, NERC 2017
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Implementation of imaging capability on
some of the SuperDARN radars

« Several SuperDARN groups, J
including Nagoya Univ.
(HOP East), are working on
the plan of implementing a
receiver on each antenna

input and making post beam &

forming, so that temporal
and spatial resolutions are
iImproved by several times.

There is still no standard

way to achieve this. =

After the completion of such

Implementation, a new issue
arises — how to handle /
distribute a huge amount of

data?
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Super Dual Auroral Radar Network (SuperDARN)

Northern Hemisphere Southern Hemisphere
2 :'Jn'_j & é o R
g g
T 0
—45° -30° =15" 0* T5* 30° —155‘ | -150* -1B65° 180° 1657 150° 135°
[ High-latitude I Mid-latitude [ Polar cap

Number of operating HF radars: 38 (24 in the northern and 14 in the southern
hemispheres) as of Jul 01, 2020, operated under the cooperation of about 10 countries

Standard temporal resolution: 1-2 min (Nyquist freq.: 4-8 mHz)

The radars use basically the same hardwaqr;e architecture, same operation software,
20295/ 'same schedule, same datd"format and éame data analysis software
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of 16+4 log-periodic antennas

Array

¥
A
=

h"e”bn)

o efa pa\\If
Bl7TFTLA rarr
Qy( -
r

L—F —&ZEH T—323ubD—4

2025/03/5E) SuperDARNHIZEE S (JL7)




Beam forming

[ I I
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Beam forming
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Beam forming
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Beam forming
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Beam forming
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Beam forming
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Plan of installing full-spec imaging receivers

¢ 7 o 7,
o, A

7
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Progress of the imaging system

*We almost completed
the production of:

Head amplifier x20

* Main amplifier box x1
*Signal splitter box x1
*Interface box x1

*Etc.

2025.2.21
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May 11 2024 LT=UT+9 hrs
" Hokkaido West / East quicklook plots

HOKKAIDO WEST RADAR SUMMARY PLOT 11 May 2024 HOKKAIDO RADAR SUMMARY PLOT 11 May 2024
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Nid Oct 10, 2024 LT=UT+9 hrs
~ Hokkaido West / East quicklook plots

HOKKAIDO WEST RADAR SUMMARY PLOT 10 Oct 2024 HOKKAIDO RADAR SUMMARY PLOT 10 Oct 2024
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Summary

SuperDARN Hokkaido East / West radars have been operating pretty well.

We are funded for the development of the imaging receiver system (2022-
2027FY). The system is under development.

Topics during this meeting:

Mar 19

Nishitani et al., Overview of HOP radars (this talk)

Yukimatu et al., Overview of Syowa SENSU radars

Hayashi et al., Global electromagnetic responses to isolated substorms

Hatakeyama et al., Reconnection rate and CPCP from the model
magnetosphere

March 21

Nakano et al., Polar convection modeling by the magnetosphere simulator
and SuperDARN

Hosokawa et al., DUSE with ULF waves
Hori et al., 2023 Fall Arase-SD campaign: initial results
Watanabe et al., Nightside convection during northward IMF

Hayamizu et al., Development of HOK radar imaging data processing
software

Hashizume et al., Analysis of USA receiver data of the HOK radar
Nishitani et al., Convection Associated with low-latitude aurora events
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SuperDARN Executive Council meeting
(March 10, 12-15 UT@Zoom)

« 1. Updates for the SuperDARN 2025 (Mike R. will join the
meeting for the first 20 minutes)
2. Updates for the SuperDARN 2026
3hD_iscussion of the new SuperDARN Executive Council
chair
4. Report from the Data Policy Task Force / the meeting with
Jesper and Rob, which Aurelie was going to present during
the last Pls virtual meeting
5. Issue of hardware.dat, AACGM, etc. (raised by Simon)
6. Discussion of the MoU between SuperDARN and IMCP
/. Discussion of WG and TF updates / possible new WG /
TF (e.g., hardware WG / refractive index TF)
8. Discussion of hardware purchase sourcing issue
?.()Disgussion for the SuperDARN 20277

. AOB
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Subject: New Chair of The SuperDARN Executive Council
Date: Mon, 17 Mar 2025 18:51:07 +0900
From: Nozomu Nishitani

Dear SuperDARN colleagues,

It is usually the role of the pre-existing chair to send out this kind of message,
but since the sad passing of Kathryn McWilliams,

Aurélie and |, the deputy chairs, are sending this message on her behalf.

On 10th March, the SuperDARN PI Executive Council elected a new chair.

We are delighted to announce that Dr. Gareth Chisham of the British Antarctic
Survey has been unanimously elected.

The new deputy chairs will be announced soon.
Congratulations to Gareth!
Best regards,

Aurélie Marchaudon and Nozomu Nishitani
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