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* Syntyvat ilmakehan neutraalien atomien lampdliikkeesta
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Toshi Nishimura

Oliko teilla naita SAR-
kaarellisia tapauksia
paljonkin?

“On! Ootas me kaivellaan
Taivaanvahdista...”

-

Avaruusfysiikan tutkija,
Bostonin yliopisto
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Key Points:

= Citizen scientist photographs revealed
a peculiar evolution of subauroral
emission during substorms

#  [Initial red and green emissions
were identified as proton aurora by
secondary electrons

= The transition from proton aurora o
a SAR arc was found. Proton aurora
gives evidence of proton injection as
initiation of the SAR arc
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Interaction Between Proton Aurora and Stable Auroral Red
Arcs Unveiled by Citizen Scientist Photographs

Y. Nishimura' 7, E. Bruus?, E. Karvinen® (', C. R. Martinis* ', A. Dyer® ), L. Kangas®,
H. K. Rikala®, E. F. Donovan’ (', N, Nishitani®* ", and J. M. Ruohoniemi® '

'Department of Electrical and Computer Engineering and Center for Space Physics, Boston University, Boston, MA. USA,
*Taivaanvahti/Skywarden Observation Service, Ursa Astronomical Association, Helsinki, Finland, *Citizen Scientist, Nurmes,
Finland, *Department of Astronomy and Center for Space Physics, Boston University, Boston, MA, USA, “Citizen Scientist,
Strathmore, AB, Canada, *Citizen Scientist, Valtimo, Finland, "Department of Physics and Astronomy. University of Calgary,
Calgary, AB, Canada, *Institute for Space Earth Environmental Research, Nagoya University, Nagoya, Japan, “Bradley
Department of Electrical and Computer Engineering, Virginia Tech, Blacksburg, VA, USA

Abstract We uilized citizen scientist photographs of subauroral emissions in the upper atmosphere and
identified a repeatable sequence of proton aurora and subauroral red (SAR) arc during substorms. The sequence
started with a pair of green diffuse emissions and a red arc that drifted equatorward during the substorm
expansion phase. Simultaneous spectrograph and satellite observations showed that they were subauroral proton
aurora, where ion precipitation created secondary electrons that illuminated aurora in green and red colors. The
ray structures in the red arc also indicated existence of low-energy electron precipitation. The green diffuse
aurora then decayed but the red arc (SAR arc) continued to move equatorward during the substorm recovery
phase. This sequence suggests that the SAR arc was first generated by secondary electrons associated with

ion precipitation and may then transition to heat flux or Joule heating. Proton aurora provides observational
evidence that ion injection to the inner magnetosphere is the energy source for the initiation of the SAR arc.

Plain Language Summary Photographs that were taken by citizen scientists at Strathmore
(Canada), Orimattila (Finland) and Ikaalinen (Finland) revealed peculiar green bands and blobs and red arcs

in the night sky equatorward of the auroral oval. Those are different from STEVE (Strong Thermal Emission
Velocity Enhancement) due to the lack of the purple/mauve arc and green picket fence. Using concurrent
scientific instruments, we identified that those are a type of proton aurora that is illuminated by electrons
induced by proton precipitation from space. The proton aurora transitions to a stable auroral red (SAR) arc. A
series of photographs suggests that the SAR arc is initiated by proton precipitation, which has been suggested
but never been demonstrated previously. The citizen scientist photographs played a critical role in unveiling the
interaction between the proton aurora and SAR arc.

Heinakuu, 2022
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- Lauri Kangas 7.4.2016, Orimattila, Ursan Artjarven havamtokeskus
- Heidi Rikala 4. 11.2018, lkaalinen |

: AIan Dyer 14. 10.2021 Strathmore, Kanada (51°N)

- Punainen ja vihrea kaari tOdeIIa ovat taivaalla paallekain

- Vihrea utu on protonirevontulta 110 km korkeudessa

- Punainen kaari ylld on 230 km korkeudessa

- Protoni/ionivirta aiheuttaa valillisesti myods punaisen revontulen

- Protonivirta voi antaa sykdayksen SAR-kaaren synnylle
Kuva: Heidi Rikala 4.11.2018
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Red Arc with Green Diffuse Aurora
RAGDA
Punainen kaari vihrealla udulla
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R A G D S A R S T E

A SAR :
RAGDA

STEVE

Punainen (ylaosa) Punainen Lila, harmaa, valkoinen
Sinivihrea (alaosa)

Diffuusi kaksikerroksinen Himmea, utuinen Kapea, zoomattaessa
kaaripari erotettavissa hienorakenteita,
joskus sateinen

Kesto 10 min — 45 min Tunteja, jopa paivia 10 min—1h

Epatyypillisia  Punaisessa voi olla sateita SAR-kaaria voi nakya useita Voi muuttua SAR-kaareksi siksi
muotoja samaan aikaan etta ....000...777

Voi muuttua SAR-kaareksi

aurinkotuulen hiukkasvirran
poistuttua

Kaikki kolme kaarta kulkevat yli taivaan ja ovat erilléién revontuliovaalista lahempana pohjoista

« T "o .
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Purppura

Sateinen STEVE - “Double-Layer STEVE”

© Pirjo Koski 2.3.2021 © Eero Karvinen 7.9.2022




* Kuvaa asetuksiltaa kuin linnunrataa

* Valotus jopa 20-30s, 1SO 1600

 Laajakulma

* Kuvaa itaan ja lanteen ohi ovaalista
...jopa eteldan S

. Ennen havaintoiltaa, kameran kello aikaan

- Kuvankasittele exifit sadstaen

e Lihet3 havamto Ursan Ta|vaanvaht||n |
- o www.taivaanvahti.fi

» Ald tuhoa kuviasi! -

Revontulikuva: Pirjo Koski7:10.2018
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Revontulet syntyvat aurinkotuulesta

* Yleensa aiheuttajana aurinkotuulen elektronit



Punaisen kaaren synty protonirevontulen ylle

* Jos tormayksessa on paljon energiaa, irtoaa elektroni
fotonin sijaan

* Protonin massa on suurempi kuin elektronin

Happea ja typpea 1.

(9]
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