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“Syowa SENSU radars
current status and fu%ture
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If you would like to know which radars overlook a specific location, check out our
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Super Dual Auroral Radar Network
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SD SENSU Syowa radars

Southern Hemisphere
e

ordinates

History:
O 1995: SuperDARN established, Syowa South%started
O 1997: Syowa East started operation
O 2001: started precise meteor wind measureme

O 2005: Syowa South upgraded to Leices_tler St
Syowa East interferometer capability adq

O 2008: digital Rx introduced to Syowa South - A
O 2017;antenna upgrade work started (not completed Yet) =%
O 202Z: plan to move to monitoring observation iln PRESARE (20222028)

NIPR/hasjoined SuperDARNDprojectsinceits estéblistitheliin'®1995 aitd has™
beerirunning 2 SENSU SuperDARN radars,Syowa South and Syowa East
radars,in Antarctic Syowastation(69.00 S, 39.58 E) in the polar auroralzone
asa projectin JARE (JapanesAntarcticResearclicxpedition)

Both radarshave substantiallycontributedto the internationalproject, e.qg.,
udieson auroralphenomenand storms/substormsgyeomagnetigulsations,
recise neutral wind measurementaround the mesopauseregion, polar
esospheric summer echoes (PMSEs), magnetosphermnosphereneutral
mospherevertical coupling, and influence of low solar activity or grand

nimumon spaceveather SYE stops for maintenance in 201
in achievementaresummarizedn nextslide.. [ 1or JARE X. SYS restarted Apr. 20




Main achievements WBENSU/SuperDARN \

\_ Polar Science journal Special Issue on SuperDARN after SDWS201fhally published in 2022 thanks

N

4 Phase |V(JARE3337/19921996 Phase V(JARE3842/19972002) JARE: Japanese Antarctiﬂ

NIPR joined SuperDARN when SD established in 1995 Research Expedition
SENSU: Syowa South installed in‘1995, Syowa Eastlinstalled)in 1997
Revealed dynamics &35 MHD waveswith simultaneous GEOTAIL satellite observation.
Discovery ofionospherigghenomena just prior to tail reconnection
First Neutralwindaltitude profileraroumiesopatisesgionwith SD underdenseneteor echoes
Phase VI(20026/JARE43-47)
PMSE flirst SuperDARN lobsenatitny Syowa SENSU radar o _
Increasing tendency of PMSE ydatyear occurrence rate indicated coolingn@sopausesgion
corresponding to possible global warming
Phase VI1(20072010/JARE4851) collaboration with IPY2007-2008/ICESTAR/IHY
Discovery of synchronization glulsating auroraRsA) and electric field arounésA
Discovery ofdipolarizationelectric field during passage of breal aurora
technical establishment bigh temporal resolution (1~2 secpP?plasma vectors
Improvement of neutral wind measurements with meteors usingrdglibmairintert) & oversampling
Phase  {QA®IARES257) AP39 _ _
success ofalidation of model odynamicsof aurora/convection/waves associgted/
new discovery on relationship agdneration mechanism BEArelatedionosphericel
Dewelopmenbf new sounding modes fisiermagnetosphergudies in collaboration withRG/A
New lonosphereMagnetosphere.mappificdevelopment oplasmapausdeteeiignialiiQRosiiie
Discovery of newMHD wave phenomena associated with SC events B T T T
Discovery orPMSE echoes, MSTIDs, and Na layer in thermosphere =
Currently ongoing Phase IX(20172022/JARE5862) AP0904/AP0928
Inner magnetosphere research with ERG(Arase)/VAP satellites with
New discovery:andhtheoreticahsimulationroagnetosphericesponse
- enhancementioionospheric:convection auring Isolamyina with-veny: S
Enabled high energy patrticle precipitation with SD noise data (Bland, e
near range echoes studies with modern interferometer calibration
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SuperDARNin JARE phaselX (201 /2022)

A S Yuklmatu(PI) H. Mlyaoka T. Nagatsuma, N. Nishitanj, K. Hosokawa T. Hori, M. Watamabe, H. Kawano, Y. Tanaka, Y. Ebilra, N. Sato, A. Kadokura

Wi ernational SUperDARN and optical obs. hetwor
IGrand minimum influence to polar upper atmosphere
M Inner Magnetosphere Dynamics
*with ERG(Launched Dec. 2016)/VAP
_ HContribution to Space weather research
Y contribution to VarSITl (ISEST MinMax24)/SPeCIMENROSMIC
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SuperDARN JARE Phase X plan(20222028)

Almportance of Antarctic/Syowa SuperDARN.obseggation
ASD - Unique tool for providing global upper atmosphi@regata: i
not only global plasma convection and electric potentid e

but also neutral wind distribution and PMSES etc.

AProvide unigue and importaoasic datdo understand _
SpaceWeather &JpperAtmospherenc. ion-neutral vertical coupling

AFundamental obs. network like global magnetometers
Alnternationally weHlrecognized unigue & important project
AMany productive scientific papers and citations
AContribution to Space/Astronomical/Fundamental physics etc.
A Syowa- Uniquel ocation undeauroral regiorw/Comprehensivebstools
AHemispheric.conjugate/non CJG study in global scale

AConduct mamyscollaboratiomith satellite/IS/MST/optical obs.
network, C‘Jf-‘/t’ ,SImU|at|0researC @Numher of SuperDARN papers & citations

* p. Mo of Papers 1991 - 2022.5 No of Citations 1994 - 2022.5
v . ‘. B
% = . &

1119 publications 19818 citations ol
(average # of citations per item was 17.71) J

60 63 publication in 2021 in WoS — highest wn far! I |

Syowalceland pair (so far mainly)
Limited area fine comparison
between 2 points but large
daily/seasonal/secure variation.

Syowa East Zhongshan pair and

Iceland Easti Svalbard pair =~
Comprehensive G.B. facilities in
SvarbardandZhongshan
Syowa : comprehensive GB facilitied
like Many opt. inst., MST/IS/IMF
radar, Lidar etc.

But no SD radars so far whose FO

covers over Syowa f& Iceland widehgl &
thoughTjorneson Iceland covered by B -
Iceland East many optical
simultaneous reseéarches.

h-indeX jof the full list of pubsy = 52
(s o vy o asses the impact of the SD nl:l\\-urlal}v"-._,.-'



SuperDARN JARE Phase X plan(20222028)

AJARE phaseX & beyondi move to JARE Monitoring.os s

Aas longterm and stable observation is important © {
to provide essential data to wide scientific community¥ss”

A Contribution toPrloritisedRe%archProct onSpace Weather/Climate
by Kataoka et al. with cosmic ray an optlca obs. netwader SO-FOV
esp. undenewly started uniqué lower solar activity period

AMain theme of JARE X Prioritized Research Project

Future Earth env. system explored from past and present Antarctice

_ RE1-1 JIHE:
JARE Phase: X sulb-themes BT AR A7 IS % B I5T B — L5 RN

AlDdesk éce't | ceoO
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_Sea - log RE2—1 WET REUEEAS)
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tith iff JARE Phase X 6yr  Prioritised  project on S.W. 2022.4

Spaceenvironmental changesdatmospheric response
explored from theolar cap by R. Kataoka

Objectives  SD (moni): one of important componen ASLEOVS onMint/lon map.
Condition forX™ period (20222028): N G plaiby | n-bee,colbd
solar activity started to beveakenedin longterm perspective Red zong. Polar CEP- E" <
after about a half century of high activity period since IGY SN Neasn SSamn
New 1tyear solar cycle 25 started from eoy2@I®20 - e | ‘y"',' RER
Next (weak?}olar maxs expected i2025(mid. of phase X) = ‘ N Lhe x
- Good timing for newsW/C res. with n t e actvdids 0 | o, UAO ek le N RO\
e.g.Parker Solar Probe, Solar OrbitBepiColombgFACT O i ’ A S 6 !
auroral oval expected to be shrunknportance opolar cap g T /st [ i /
unknown space weather/climate phenomexected as wey. & o =< Coges® /0 \N
to understandé o B A X
how open the eartdnv is?- Direct SWM-I coupled syste L d UpAle

how will space environmental change influeoceearthenv? =
Quantitatively evaluate t,f—fh.fe
Y elucidate basic energies in mtgtiale complex auroras in whole PG, [ <.
how will low solar activity affect earth atmosphenev?

variety of unknown and/or new polar cap phenomena NG
(e.q0.,SAA/TPA, PMPCA, polar-glow aurorgdPCA), giant spiral(CME), Qolar'h Ie

ref: Hosokawaet al., 2020Rosean|st2007 Simmons &Henriksenl 9 9 5),
(e.g.,convection enhancementunder lowHMF(B| wa ki et al .

how can we predict future space weather and climate?
What will happen when SW disappearséontribute to SW/SC research
any possible application to interdisciplinary research, e.g. ¢
astrophysical and planetary scien@ge® Mars diffuse aurora)
Strategy
Filling blank areas in polar capc. OCBi impossible in Arctic™
Strong international collaborations in Antarctica
provide grouneruth to closely workinglobal simulation > = = (o A »
- space weathee-analysis data studyb Cosmic Ray @ Syowqll Mm-wave spectroscopicolls:> 1 —

AulionaXBeSMIC projecte https//polaris:mipr: naqnplmaulfomx
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Antarctic All sky imager network plan w/ SENSU FOVs

Runnlng an IIIIIIIII|IIIIIIIII|IIIIIIIII|ITT+4—L II|IIIiILIII|IIIIIIIII_
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All the S.H. SD FOVs added / (Falkland Is.)
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Energetic protons: Targets of new cosmic ray observation network

Cosmic ray variations due to solar activity

25 GeV protons

—— Syowa Muon Count Rate

0 200 200 600 800 1000 1200

5 GeV protons = Syowa Neutron Count Rate

0 260 AOIO GOIO 560 IObO 1260

s | Solar activity — Daily Sunspot Number
£ 100
Z 5
)
a 25
D.
Nagoya . Hobart I SaoMartinho Kuwait‘ Syowa . syowa(NM)x J 200 400 d?;)s - 2018102/03;10 1000 1200
Global Muon Detector Network (Kato et al., 2021) New solar cycle 25 started from 2020 (day ~700)

A2 SONB I|fa2 20aSNWAYy3I O2aYAO NIX& IO {e@&
detector network to cover the earth globallgyowa started it since 2018lays an importan
role for the network. Neutron monitor also coexists and is running at Syowa.

A 20242025 season, full system bg_JAREG&Eyake, Hayashi
coexisted muon/neutron systembig advantage Courtesy of R. Kataol\’<




Reanalysis Space Weather Data

2000

Data assimilation using SD LOSV data into REPPU MHD simd#fétion

~10000

Led by SNakano@?ixél\/lJapan courtesy of S. Nakano

A Our simulation group also tries to produce/establRbalisticdSpace/Wedther Reanalysis

datas (like those for surface weather forecast ametteologicatatmospheric studiesfor better
understanding SW phenomeng@uperDARNata (and e ., AMPERE) are very important in
for data assimilation into the D S|mulat|on

SD data successfully applied as input for assimilation into the emulator
t S. Nakano will present at (JpGU &) IAGA/IASPEI Joint meeting

Courtesy of R. Kataok




