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In the news

= Sonnensturm = ,koronaler Masseauswurf”
= “coronal mass ejection® CME
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Solar storm passes without incident

Nasa image showing extreme ultraviolet wavelengths on Sun's
surface

A solar storm in the Earth's magnetic field has passed by the &
Earth with minimal effects, experts say. Related Stories

"The freight train has gone by, and is still going by, and now we're Q&A: Solar storms
just watching for how this is all going to shake out," said Joseph Shach Lot
Kunches, a scientist with US weather agency Noaa. P

Sun'c curfaro
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Lichtshow. Dic Erde
ist von ecinem

der stiirksten
Sonnenstiirme der
vergangenen Jahre
getroffen worden.
Das Gebiet auf
der Sonnge, in dem
die aktuclle
Fruption erfolgte,
ist aber weiter
aktiv. Am Wochen-
ende ist die Wahr-
scheinlichkeit

fiir gewaltige
Sonnenstiirme,
die die Erde direkt
treffen, am
hichsten. Solche
Eruptionen
kéinnen zum
Austall von
Tliigen und
Stromnetzen
fithren und
Satelliten
beeintrichtigen.
NASA

Nasa image showing extreme ultraviolet wavelengths
surface

A solar storm in the Earth's magnetic field has
Earth with minimal effects, experts say.

"The freight train has gone by, and is still going b’
just watching for how this is all going to shake ou
Kunches, a scientist with US weather agency No

o Sorms

NOW THEY COULD IMPACT
OUR HIGH-TECH WeRLD
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Solar flares

These explosions on the sun'’s surface occur without
warning and can launch huge amounts of X-rays, other
radiation and particles into the ionosphere, the outer

edge of Earth’s atmosphere.

% .......... 5 3
0:/,% ........
g ..N\‘.“-.
ﬁ’ |_ Coronal mass ejections Solar winds L
— ; These slow-moving “space Streams of gas particles R
: hurricanes” occur when the sun and magnetic clouds
' ejects part of its outer pour from the sun’s

atmosphere. surface in all directions.

Vulnerable to space weather

Satellites and GPS devices
Radiation storms can befuddle
satellites, delaying or garbling
radio waves and mucking up

Oil pipelines

Aboveground pipelines can
conduct stray currents and
become corroded. Alaska’s lines

sensitive electronic controls. are vulnerable because they're
so near the North Pole.

International space Power grid

station Power lines can conduct currents

No humans are closer — that develop in the ionosphere.

therefore more vulnerable — to
space radiation than residents
of the space station.

The grid is so interconnected that
a few blown transformers can
cripple a large area.

Sun and Earth are shown to approximate scale, but distance is not to scale.
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Diverted
particles
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" Earth's magnetic field

- Earth's atmosphere is least
protective around the polar
regions, so those areas are
most easily disrupted by

- solar weather.
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Aircraft
communications
Transmissions that depend on
low-frequency radio waves
bhecome unreliable, especially
near the North Pole.

Water supply

Because water processing and
distribution depend so heavily
on electricity, a major loss of
power would affect water
delivery within days.
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NASA STEREO
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NASA STEREO COR2 Juli 2012

COR2-B Q“ECC”' COR2-A
2012/07/01 00:24:23 2012/07/01 00:24:00
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Was man uber CMEs weils...
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Facts

= 1971 entdeckt (OSO-7)

= GrolRe: Sonne: ~ Sonnenradius (110 Erdradien)
1 AU: bis 0.5 AU (oder ~11 000 Erdradien)

= Masse ~10'? kg =
Weltjahresproduktion von Rohol, ein Teeloffel eines

Neutronensterns, 1/1000 Mount Everest

. . . . 25 .
Energie: bis 10> ) =1/10 der Gesamtabstrahlung der B 05/12 01035

Sonne pro Sekunde, Erd-Hurricanes 10'? ) pro Tag

= Magnetfeld: bei 1 AU: < 60 nT. Erdmagnetfeld am
Boden: 10°> nT Spielzeugmagnet: 107 nT

= V: 200 - 3500 km/s (Millionen km/h)
Sonne-Erde: 14 h - 5 Tage

= CMEs sind Teilchenbeschleuniger!
energiereiche Teilchen haben 10% der CME Energie

C. Mostl Graz in Space 2012 2001/08/16 00:31
Dienstag, 04. September 2012
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%u- schnelle CMEs treiben Stosswellen
4 I 1——010 18:09 HIA 1r—20 18:0

20

—20|

10
—4Q
—80 —&0d —40 —20 —20Q =13 —10 =5
WIND Np [1/cem]

20F | | i =
15 ! =
= ! =
10— | —
- | -
L I =
5 I —
| =

] . . . . p . g g . . ) ) . . l . . . - . p . . . p 3

02—-Apr 03—Apr O4—Apr 0B—Apr 06—Apr 07 —Apr Q8—Apr

C. Méstl March 2012 Mostl et al. 2010 GRL

Dienstag, 04. September 2012




0
z

9

2

0 I
<

RIE

schnelle CMEs treiben Stosswellen 58

MARIE CU

SHoC K
WAVE
@ :
@
=
=
220
SUBSONIC [AACH | - ixed Phi
E - i
Z 400} | : <magnejric1|:cloud>

!
sheath |

| Mostl et al. 2010 GRL

C. Mostl March 201

Dienstag, 04. September 2012



i GRAZ|

MARIE CURIE

v
o)
c
S
c
9O
<
o))
S |
= assumptions:
(1) /CP Sun constant speed
and direction
STEREO 4 L1AuU Time

Rouillard et al., 2008, GRL iesauitan Vept sin(¢rp) /
d — Viept cos(¢gp) )
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€(1)

= Sun

STEREO ;1

Rouillard et al., 2008, GRL
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Elongation angle

i GRAZ|

MARIE CURIE

assumptions:

constant speed

Time

€(t) = arctan (

Vipt sin(¢pp)

d — Vgpt coS(¢gp)

and direction

)<
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MARIE CURIE

Echtzeit Vorhersage

= CME am 15 Feb 2011 - erstes X-flare des neuen Sonnenzyklus
= Vorhersage: Ankunft 18 Feb 2011 01:30 (30h vor Ankunft weggeschickt)
= tatsdchliche Ankunft 18 Feb 2011 00:48 - nur 42 min daneben!

STEREO-B HI1/2 CME track
AL T 7 T T T T T T T T T T T r T T T " T T T 1]

N
o

(ME angle to Earth = O@ &
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CMEs treten gern gemeinsam auf ey
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CMEs sind ,Croissants” g gUNL

MARIE CURIE
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CMEs im Sonnenwind sind

magnetische FluRréhren

SUN Mostl et al. (2009) JGR

e
Electron Heat Flux , >
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/) Electrons
\ /
'~ ﬁa‘v vgl DNA:
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Shéath
Zurbuchen and .
Richardson, SSR, 2006 Earth
e Ve 2015 zumindest glaubt man dass es meistens so ist....
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CMEs sind Ausloser der starksten
geomagnetischen Stirme

20| | 40|

67 storms (Dst <=100 nT) : 85 MCs
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Gopalswamy et al. 2005, GRL

C. Mostl Graz in Space 2012

Dienstag, 04. September 2012



Was man uber CMEs nicht weil...
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Fragen uber Fragen...

= Wie entstehen sie Uiiberhaupt?
-> Wie sieht das Magnetfeld in der Quellregion aus?
-> (Wieso ist die Korona uberhaupt so heilR?)

= Vorhersage der Eigenschaften aus Bildern (koronagraph, Hl <> in situ)
-> Sind alle CMEs wirklich gleich aufgebaut?
—-> Wie sehen sie in Erdnahe aus? Deformiert?

= Ausbreitung im Sonnenwind - V(t)
-> Wieso ist die Berechnung
der Ankunftszeit so ungenau?

mit richtiger Anfangsgeschwindigkeit
ist der Fehler +/- 7h
(Vgl. vor STEREO +/- 1 Tag)

= Wird Erde getroffen oder nicht?
-> genaue Richtungsberechnung

= Findet Uilberhaupt ein geomagnetischer Sturm statt?
-> dazu muss man die negative Bz Komponente (antiparallel zur Erde) vorhersagen
-> also muss man Magnetfeld im inneren der magn. Wolke aus Beobachtungen

herauslesen/simulieren - das funktioniert aber noch nicht....
C. Mostl Graz in Space 2012
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NASA SDO - Sonnenflecken
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Filamente
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Torok et al., Predictive

Science Inc., San Diego
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filament, flare ribbons

2012/08/31 19:40:08.840
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Post
Eruption

Arcades
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Standardmodell

filament-> instabil-> feedback-> beschleunigung
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Komet Lovejoy im Dezember 2011
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Echtzeit-Vorhersage UNI

| GRAZ |
= Juli 12-14 2012 Vorhersage mit drag model (Vrsnak et al. 2012, Solar Physics)
d2r dr dr __CGApw
m*y(')(a‘w(’))'a—w(’)* TTVe+H T LE+D

20171 T ARG ER SN Y . 1
C. Mostl Graz in Space 2012 yau ] zi{ - (.J' a’j = ] Z (JO . (_.-) t:} § ] )

Dienstag, 04. September 2012




NASA Enlil

C. Mostl Graz in Space 2012

Dienstag, 04. September 2012



2012 —07—11T00:00

NASA Enlil
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in situ Daten am L1 Punkt
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Weitere Infos
UNI

SPACE WEATHER
Current conditions
solar wind

speed: 592.1 km/sec
density: 7.7 protons/erm’

explanation | more data
Updated: Today at 2345 UT

ﬂWhat's up in Space

ANDROID FLYBYS: Our field-tested
satellite tracker is now available for
Android phones. Features: Global
predictions and flyby alarms! Learn more.

Auqust 3, 2010

Spaceweather.com

X-ray Solar Flares

6-hr max: B1 2300 UT Aug03
24-hr: B4 1145 UT Aug03
explanation | more data
Updated: Today at: 2340 UT

CME IMPACT! The first of possibly two incoming CMEs hit Earth's
magnetic field today at approximately 1730 UT {1:30 pm EDT). As a
result of the impact, a polar geomagnetic storm is brewing. High-latitude
sky watchers should be alert for auraras after nightrall

UPDATE: Northern Lights are being sighted now in Europe. Jesper
Grenne sends this picture from Denmark (latitude +56 degrees):

App: 3Dsun.org

Daily Sun: 03 Aug 10

1092

The Sun Today

Sunspot 1092 is facing almost
directly toward our planet. Any
eruptions from this active region will
he Earth-directed. Credit: SDOMHMI
Resolutions: 4096, 1024, 512

——
sunspot number: 17

What is the sunspot number?
Updated 02 Aug 2010

Rob Stammes sends this report from Laukvik, Lofaten, Nonway: "At
17.40 UT, electrical currents began to flow throgh the ground outside
my lahoratory: data. This indicated the arrrival of the CME. Three hours

later a geomagnetic storm is active, strong enough for auroras "

Spotless Days

Current Stretch: 0 days
2010 total: 35 days (16%)
2009 total: 260 days (71%)
Since 2004: 803 days
Typical Solar Min: 486 days
explanation | more info
Updated 02 Aug 2010

The Sun Today: Solar Facts and Space Weather

COMPLEX ERUPTION ON THE SUN: On August 1st, the
entire Earth-facing side of the sun erupted in a tumult of activity. There
was a C3-class solar flare, a solar tsunami, multiple filaments of
magnetism lifting off the stellar surface, large-scale shaking of the solar
corona, radio bursts, a coronal mass ejection and mare. Click on the
image to view just a fraction of the action:

Pinnwand Info The Sun Now About Us Fotos YouTube »

The Radio Sun
10 7 cro fhixe 79 sfi

Schreib etwas

o

Anhangen: m S

4, Filter

The Sun Today: Solar Facts and Space Weather About 5 hours ago SDO
observed a Small! C-Class Solar Flare! Here we show it in 4 different wavelengths. Today:
Enjoy! i
Freunden vorschlagen 1oy i B
A Small! Flare Observed by SDO Seen in 4 Wavelengths “i . e Signs of Life on the Sun Dec 24
" ’ sunspot 1035
W youtLbe .com
Welcome to The Sun Today! A Y : $ The sun is peppered with Solar Cycle 24
source for facts about th.e sun and sunspot 1938/ active regions. The biggest, sunspot ’
dally updates on the sun's current -~ ol 1035, is about to enter STEREO's blind
activity for the public. 5 spot
solar flare :
ﬁ vor 13 Stunden * Kommentieren + Gefallt mir + Telen * Melden gasunspot 1036
Informationen A 2 .
@) Litde Sdo und & anderen gefalt das. Past active days:
liJ‘ATSj'-}\‘G“Si(; ItADNET Syt I B4 James Roney And in some cases a CME results in an EMP event, and ; \ . Great Prominence  Sept 2
and CUA ! YRR, 1 B when such an event is super powerful the EMP can overload the power 3
grid world wide resulting in a global blackout that wil take months to 24-Dec-2009 10:25:30 For the ﬁ;st :me. ﬂ:‘e two ,?TEREO >

Ort;
Mail Code 671.1
Greenbelt, MD, 20771

TRk
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recover; with experts estimating 4 to 10 years ...
Mehr anzeigen
§ Stunden * Gefalt mir + Melden
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