Spektrum a polarizace zareni Slunce

e et

Zéakladni poymy

Slunecni spektrum
Polarizace

Pavel Kotrc
As’rronomlcky dstav
AV CR, v.v.i. Ondrejov

VVVVV



Vyznam slov

Spektrum — spektrum barev = skala barev, paleta
barev, rozdéléni néceho (zareni) dle néjaké vlastnosti
(energie, frekvence, vinové delky).

Z.areni Slunce - elektromagneticke vinéni (nebo
fotonove ¢astice) majici puvod ve Slunci. Zateni

prostiedim.

Polari ‘ astnost odliSujici dva
>mni odle dohodnut¢
kon sana urcenim
orien le elmag zareni.
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sluneéni rozkiad

paprsek
odraz

Disperze svétla refrakci
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Isaac Newton
1642 - 1727

Zakladatel klasické mechaniky
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1688 - 1671
konstrukce zrcadlového dalekohledu
Disperze svétla ve spektrum popsdna v:

Optics, principles,1704
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Povzdech filozofa: 1825 - August Comte: "Chemické slozeni hvézd je typickym
nefesitelnym problémem pro lidstvo".

Aleuz v r. 1814:

J. Fraunhofer ve slunecnim spektru rozlisil nékolik tisic tmavych car rizné Sirky
a intenzity, vytvoril prvni mapu slunecniho spektra, 324 Car nejsilnéjsi proméril
a pojmenoval: A, B, C,... H, K. Fraunhofer zemrel 1826 na TBC, nedozvédél se,
Ze ¢dry ndlezi jednotlivym chemickym prvkim.

e

INFRA
RED

and

RADIO
SPECTRUM

5890 D3 helium 5876, G (pds\Kovoyyehicar, 4308), H a K CaIT 3969 a 3934 A .
(Fraunhoferovské spektrum).



Gustav Kirchhof a Robert Bunsen, 1859, dary pfislusi
chemickym prvkim, kazdy ma charakteristické rozlozeni Car.
Kazda latka pohlcuje svétlo na téch vinovych délkach, na nichz
sama vyzaiuje. Objev, ze na Slunci jsou Na, Fe, Ca, Cr, ...

zdroj svétla oblak plynu absorpeni spektrumy

Chemické sloZeni IR @ EEErres
zdroje zdreni i

prostred, jimz Iy \b

prochazi
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spojité spektrum

I emisni spektrum
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(23,000 K)




Slunecni spektrum je spojite, odpovida spektru absolutné ¢erného télesa o teploté 5780 K. Jsou
v ném patrné absorp¢ni ¢ary (objevené Fraunhoferem v roce 1814). Nejvyrazné;si z nich jsou
cary Ha , HP Balmerovy série vodiku, sodikového dubletu D, H a K Ca II a také telurické Cary
vznikajici pti priachodu zareni atmosférou Zemé.

3886 A 3934 A 3968 A 4014A 6496A 6563 A 6624 A

Ratotion) 2009 Lei236.8
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Slunecni spektrum je spojité, odpovida spektru absolutné ¢erného télesa o teploté 5780 K.
Jsou v ném patrné absorpc¢ni cary (objevené Fraunhoferem v roce 1814). Nejvyraznéjsi z
nich jsou ¢ary Ha , H3 Balmerovy série vodiku, sodikového dubletu D, H a K Ca II a také
teluricke ¢ary vznikajici pti prichodu zatreni atmosférou Zemé.

V UV casti spektra dominuji ¢ary magnézia a Lymanovy série vodiku, v IR oboru pak
Paschenovy série. Slunce zari téz v rentgenovém, gama a radiovém oboru.

6496 A 6563 A 6624 A 3886 A 3934 A 3968 A 4014 A
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Electromagnetické spektrum

Rayons Rayons gamma Rayons X  Ultra Y Infrarouges Ondes radio
cosmiques violet Sls
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Chromosféra
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2003/10/27 19:19:37 UT T=20,000 K




Horka a ridka slunec¢ni korona:

SoHO/ EIT "
27 0ct03 - Fe X1

2003/10/27 22:12:11 UT T =1,200,000 K



Explozivni jevy v koréne
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M FS (mnohokamerovy erupcni spektrograf)

Grating 600l/mm, 90 x 100 mm, Resolution 120 000

in the 2™ order,
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Optical Schemas of the MFS

E H-alpha

H-beta

H-gamma

4 H, K (Call)

<)

.. originally 2" right order, 5 cameras, photographic plates 13 x 18 cm then
2 other cameras added - H-delta and Balmer higher lines, then
a photocamera taking H-alpha slit-jaw images added in 80’s, then

i
5 plate cameras replaced by 5 film Eamﬁs plus slit jaw, photoghraphy became expensive

then in 90’s : video cameras in the'left orders with a high cadency 25 frames/s (however
in 8 bits only, therefore concentration on bright and eruptive events)




MES parameters, comparision

Two strips of flare spectrum fro

=t >4 m: 30 SRR ::“ " . ‘;uum 113 ve - 1.he hOTO |a1'e era Of 1.he MFS
B i G S i i o

Large detectors, 13 x 18 cm
Large field of view of 80 - 120
e i Exposure times tenths of sec
gt e s sunmai il Maximum 12 spectra in a serie:
Then developing of photoemulsio

ntermezzo: Film strips - maximum of 50 spectra
a series, then developing, digitization, 12 - 16 bit

’r. llll. i 'r-'ll‘llt
AN
mnlﬁu S BN i R

Composed videosignal from 4
videocameras,

Analogue medium, cheap (important in

90ies)

Small detectors, 1/3", small objecfives

h

= berra‘rlons small fleld of view ~ 4

: ,
jort exposure times < 40ms, low signal

L\“

J998:09-23 e, 06:46:55 UT, 05

frequent saturation, small S/N
Digitization grame grabber, 8 bits,
complicated and tedious calibration,

Sk / jmu Ca 8 542




Video Spectra and Ha filtergrams

2000-07-07 S¥i&ksl D5:11:-39 UT .23

Ha + HP, Ca8542 A'ln e/qu es;:ent prominences,
Ha linear polarization, archive asu.cas.cz/~pkotrc/index5.html

2000-05-01 POL 07:48:52 UT 28



MFS advantages x disadvantages

A good luminosity (lens rapidity) 0.17, compare to 0.14 for the HSFA,
A large team of users and observers at the beginning,
the main instrument of the department
A fast accessibility and rapid connection to the the patrol allerts

but:

Horizontal system, seeing influe ced by a large building,
Pillars for optics connected to the strof 9 floor and the building, vibrations,
overcrowded location, spectro s’ m was a walking through room,
|.e. Jt :
the observer was"operating next: folige er,, cope focus i.e. heating & dust.
' Small cadency ofaspectra in t )
no exacirdeieciionsoiaenimeron: the observation data

ndamental limits



Multichanel Flare Spectrograph - studied topics

- photographic era:

... flares: asymmetry of spectral line profiles (plasma flows during flares), (Svestka
1962)

... from intensity in wings of lower Balmer lines - optical depth in flaring plasma;
from width and shape of higher Balmer lines - electron density of flares

... prominences — flow of plasma, rotation

- CCD video-cameras (25 frames/s) era:
... flares — fast processes: velocity fields, line
asymmetry, diagnostics of accelarated
particle beams (Heinzel 1994, Prosecky...)
... bright prominences/filaments, surges: velocity
fields and their kinematic models (Karlicky et al., 2001)

MFS participated in join international observing campaigns

imental spectrograph
nto modernized HSFA2 spectrograph

June 2004 - MFS reduced to one-way exp
Observation of solar optical spectra



Flare kernel analysis

the Ha to Hp /hfensify profiles. A color corresponds to a
scan position as marked on the spectra panels.



Flare spectra x accelerated particles

We found at least two other flare spectra where the ratio of the Ha/Hp line profiles
coincides in time and position nearby HXR sources and resembles the predicted shape.

Shape of the profile ratio is almost symmetric according to A,
-Bumps were found at position A, + 0.5 A, while predicted at A, + 0.7 A

-Profile ration with bumps were not found at other positions anad times then
those connected to the HXR sources occurrence.

\We need more statisticsffor analysis of the effect.

To understand this effect wemneed to.use numerical simulations.



Recent observations of the ,MFS*

2010F07-09

[

06:21:29 UT.18

2010-08-12

flare on June 12, 201

08:16:50 UT.08




Recent work on 2002 August 8 limb flare

Kotr¢ P., Barta M., Schwartz P. and Kupryakov Yu. A.

Kinematic model

2002-08-04 i) 08:49:43 UT.13




MFS data archivés

Photographic era: glass plates — digitilization
films — digitilization

Video, both analog and digital. Archive at:
http://www.asu.c ‘ archive mfs.html
Data sto the server



http://www.asu.cas.cz/~sos/archive_mfs.html

A test of LFS & HR4000 spectrometer

The HR4000 Spectrometer is a high-resolution
spectrometer with a 3648-element CCD-array detector
from Toshiba that enables optical resolution as precise as
0.02 nm (FWHM). It is responsive from 200-1100 nm, but
the specific range and resolution depends on the grating
and entrance slit choices.

A detail in Ha ran%e

Slit jaw in Ha
Condensing lens resolution 5 px/
Fiber cable

Spectrometer



HSFA2 — modernized recently

1 - Jensch coelostat, 2 - main objective,
3 - flat mirror, 4 - collimator, 5 -
grating,
6 - thermal filter, 7 - slit-jaw
objective,
8 - Ha filter, 9 - CCD camera
C1....C4 (- C5) spectral camera
objectives + CCD cameras,

a,b,c,d,e - folded optical system of
- cameras, correction of astigmatism and
coma

Jensch Type coelos‘ra‘r 4 6 m
above ground, sliding shelter,
& of mirrors 60 cm,
M1 £50 cm, f 35 m.




s in the telescope and spectrograph



Main missions of the HSFA2
Advantages: flexibility and availability
The only limitations:

weather and season

Solar active phenomena observations (flares, prominences,
filaments, spicules, dark mottles etc.)

Cooperation with other gro ased telescopes (optical

and radio)
Support of
Spectral dis )f phenomena
Education udents



Results

2 Papers published (ApJ — prominences),
SP — oscillations in prominences prominences
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prominence of 2010 09 23
08:00:29 - 11:00:51 UT

doppler velocity measurements
red - MSDP (H-alpha)

yellow - HSFA2 (H-alpha)

green - HSFA2 (Ca H)
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- 0.5A Quantum SE
e 6562.8A

N 2]

6563.0A

Wing shift: 0.2A red
6:558 0A 656(:) 0A 656? 0A 656.:: 0A 656L:‘> 0A ,

6562.3A

Heating...
Uzkopasmovy filtr — vysoky kontrast Protuberance Sirsi filtr — zachyti 1 zafeni
chromosféry posunuteé dopplerovsky od stfedu cary

1 A pro Ha odpovida cca 47 km/s




SnimKky ,,uzkopasmovym* H-alfa filtrem

Coronado 0,7 Angstromu,

> o | Day Star, 7
'___c),.."..__ N ?? 0,3 Angstromu ??, slit-jaw
' Slit-jaw -

DayStar"™ Filters
N v o .7 BEEEd U0905
R 552, O Leu.:
pover SIS Opecating Temp. LS

Z téchto snimku
d -

Jen relativni srovnant,
visi na Kvalitie seeingu

Potreba promerit profil
propustnostifilird

Spekifrograiu

07:34:32 Ur. 08

-



Promérovani propustnosti filtru ve tfrech mistech spektrografu HSFA?2
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filter slit 7
i SSCTIS g C
Shpcs om0 | U :
collimator focal ratio f/40 >n D
—— C4
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A: 500/35000 1/70 C: 33/1000 1/30 ( = D d%,
L
B: 250/10000 1/40 D: 165/3300 /20 e T &5
K J a

C1...C4

Sbihavosti svazku C - jiny filtr
musi byt mensi neborrovha /S0 DayStar 0.7 A

Podminku spliuji polohy A} Bifa'C:



Naméreny tvar spektralni ¢ary za filtrem

Profily propustnosti jsou podstatné Sirs
a lisi se v ruznych mistech filtru.
Spektralni méni sklon a tvar pri
pootocCeni filtru a zachovani souososti.
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Helioseizmologie

Full—-disk I)r::);v]u-r,r_zr.r]|
9 Juty 1996, DO0.00

p-mody (zmeéna tlaku) - detekovdny, zdroj informaci
g- mody (tthové vinéni) - dosud neidentifikovany




Classical image: Quantum image:
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Irradiation in direction of
quantization axis populates
z MU=-1 and MU=+1 Zeeman
sublevels of upper level.

TNyt nM:+1)

Ir/rwﬂrr'/fﬂrlcj ISEENO

o gos J2y2) goaulesiion did
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How does look the radiationiemiiied by atom under these conditions? II-




Polarizace: rovinna, elipticka,
kruhova, pravotociva, levotociva

A

1 R
| \ \\\ '
A N>T |
</ “\‘

N



oy
|

E. |+ | E,|*, + U+ V I~
E.|*— |E,|*BQ* +U* +Vi=12
QRE[EIE;), a polarizace = I,

=0
Il

y y
C P S c
— —_— N : N ( o v
V EIH-'I'EEIE ) \\ 2/{/ -U +U
+0 +Q x U=0,
100%Q | 100% U | 100%V B~ N
+Q ! +U +"'4.4f"/r__F ) s . -Q A N . +U -U
X X | \S X Sign of Q Sign of U
k/ (a) (b)

: ;;}y, - ) l[c:rj i o {e-;y‘ / \ 7/ \
- vV | | +V
B N N o N \_J

\ / Counter-clockwise Rotation Clockwise Rotation
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Vznik polarizace sv¢tla

z nepolarizovaného svétla

. K polarizaci svétla dochazi:
- priuchodem svétla polarizujicim materidlem,
- odrazem svétla od nekovoveho lesklého povrchu,

- lomem svétla,

Naopak k 1zacl vancho svétla dochazi:
naprikl u na texturovanem,
prusvitnym, mlécné

-




Vznik polarizace lomem a odrazem

Obecny (hel dopadu 6 Brewstertv thel dopadu 6,
nepolarzované eB = arctan (nz / "1) nepolarizované
svetlo svietlo
castecne A . _ —
polerizované _ n, je mqex lomu fna’remalluv,’od olarizovan
setle s/ kterého se svétlo odrazi \'(‘ svetlo
” a n; je index lomu média, Ry

kterym se svétlo Siri.
Napr.pro sklenénou
desku: n, = 1.52, pro vzduch
je ng = 1.00.
Brewsteriv thel je 56.7 °.
castecne

palarizavang
svetlo

polarizovans
svetlo




Polarizace svétla rozptylem na Casticich

Rayghleitv rozptyl
Umérmny 1/A% - modra obloha = tasss

Elmag. vina (foton se pruzné
srazi) rozkmita castici.
Rozptyleny foton ma stejnou
(nahodnou) polarizaci pokud
pokracuje v puvodnim smeru.
V jiném sméru bude
polarizovan castecné . Pri
uhlu rozptylu 90° je plné
polarizovan.




Vznik polarizovaného fotonu —
sejmuti degenerace hladin v atomu
aplikace magnetického nebo
elektrickeho pole.

Obecné: vliv neizotropniho prostredi

detekce elektrického pole



Mé&reni pomoci Uzkopasmoveého filtru

SoHO / MDI

7002 Rozdil obraztve dvou komponentach



M¢éreni magnetickeho a elektrickeho
pole je zalozeno na méreni polarizace

Magneticke pole: Zeemanuv jev rozstép cary v
magneticky citlivych Carach (velky faktor
Lande¢, uzke Cary kovu, silna pole)

Hanleuv jev slaba pole (protuberance,korona,
depolarizace) |

Elektricka pole — elek af, pomery profilu Car

Ine ikove s¢ er Paschen -

pole nenaméreno
vyrovnava rozdil




Polarizace v praxi

E 5 , Karl von Frisch Nobelovska cena
Navigace — Vikingove Tanec véel na pldstu -
polarizované svétlo oblohy

Orientace vcel, ptaku, ryb
Fotografie U

3D filmy — IMAX e
LCD Angle
Elasticimetrie, defektoskopie
Polarizacni bryle, rybareni

4




De¢kuj1 za pozornost




MFS history




Slune¢ni oddéleni Asu Ondiejov

¥

spektrograf

Zeiss 21cm/341 cm Slit-jaw snimek a H-alfa spektrum

- Ha filtr Day Star | - Ha filtr Day Star FWHM 0.7 Angstrom

FWHM 0.7 Ang
e it

.
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=
§

T 05:11:39 UT.23
 2007~05-03 -

‘ 2000-07-07
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Corona dﬂf{i i

Horzzontalm dalekohled HSFA2 v Ondiejové

| »| Na HSFA2: 2 dzkopdsmové filtry

% !" 1 Slit-jaw dalekohled pro detaily
i i\, 2 Celodiskovy dalekohled

_




kopule, Astro Haven g 3660 iy
hmoTno?t ~ 200 kg, ovladam PC

Filtry DayStar:iizko
' Hai‘ “’FWHM‘
Ca II H - mei‘

~ = [ — Reflektor s otevienym tubusem
ParamountSME;"nemecka montaz M1 d=280 mm-(opt.) a f=1400

mactmciEl Z COE D 7 P T Y jE®




Popis méfeni a zpracovani dat

Filtr DayStar byl vloZen ptfed ohnisko /70 horizontalniho dalekohledu a soucasné pted

vstupni Stérbinu spektrografu a byly pofizeny snimky CCD kamerou pfi riaznych thlech
natoCeni filtru.

.Spektrum® bylo zpracovano flat-fieldem, v kazdém pixelu podél stérbiny byl vypocten
profil propustnosti. Tyto profily byly redukovany na pozadi DF a kazdym profilem
redukovanym byla proloZzen Gaussuv profil metodou nejmensSich ¢tverci.

Polositka Gaussovy kiivky je povazova HM propustnosti profilu v dané

pozici filtru. F 5
Z profili podél §térbin ¢ se ukazuje Sitka profilu. Podle udajt
vy n izovaného zastupce pak méla by



/. webovych stranek autorizovaneho
zastupce COMES TRADING

DayStar Filters L.L.C., DayStar Filters LLC/USA, je firma

s dlouholetou tradici, se kterou B. Reichmann navdzal kontakt
jako amatérsky pozorova’rel slunecni chromosféry jiz v roce 198:
Spole¢né s puvodnim majitelem DayStar, panem Deel Wood
zajist'oval koncem devadesatych let prvni dodavky
chromosférickych filtrt pro slunecni teleskopy ..Comes" do

Mezirici a v Teplicich.
V roce 2006 zakou' | mu va GJI'l'el pod Jehoz vedemm

zdstupce firmy Dy" at S pro esko Slovensko, Polsko a
Holandsko.


http://www.daystarfilters.com/

/avery

Pro dokonceni projektu SORT potrebujeme
kvalitni a lehky tizkopasmovy H-alfa filtr.

Co dale ?

Filtry Day Star maji zarucni dobu 10 let.
Promé&iime CaII H fil Star a dalsi filtry
Bude ebo vymeénu filtru

naroky a pripadn¢
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De¢kuji za pozornost

Pavel Kotrc Astronomicky dstav AV CR, v.v.i., Ondrejov
http://www.asu.cas.cz/~sos/

DayStar” Filters
oo VR Ser. # INTET
o IR . FEE
fover NSRS Opecating Terp. (BN 8

= Nt . 1 2
— e S :

gk ve svém pozemském a kosmickém prostedi, Upice, 18. 5. 2010

Prezentace na seminari Clo



> Nad Sluncem:
n Zhava slunecni koréna
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Slunce je obrovsky magnet
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Jedinecnost korony pri Uplnych zatménich Slunce
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Slune tému

sahuje do celého planetar
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Slunecni erupce

Slunecni explozivni jevy maji trvani nékolik . -

sekund, minut, ale velky vydaj energie ot
" -

' g
o000/07/1 4 60:0010) e ‘ o
h Exploze pozorovand
b v UV zadreni

1998-Sep-30
10:00:55




Velkoskalové slunecni exploze
Obrovské eruptivni protuberance, skdla nékolika hodin
dosah nekolik poloméra Slunce. Viyrony korondlni hmoty
(CME = corona mass ejection).

2000/02/27 00:18

sluneéniho disku (bild kruznice) a pripadné i ‘|eho okoll.



Helioseizmologie

Full—-disk I)r::);v]u-r,r_zr.r]|
9 Juty 1996, DO0.00

p-mody (zména tlaku) - detekovdny, zdroj informaci
g- mody (tihové vinéni) - dosud neidentifikovany




Slunecni dalekohledy ve svete 2007
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Slunetni oddéleni Plasmové procesy ve slunecnich Struktura a dynamika
v Ondfejove erupcich a protuberancich sluneéni atmosféry

(c) ASTRONOMICAL INSTITUTE, 25165 ONDREJOV, CZECH REPUBLIC (c) ASTRONOMICAL INSTITUTE, 25165 ONDREJOV, CZECH REPUBLIC
ONDREJOV SUN — RADID SPECTRUM Z2.0-4.5 GHz on AUG 04,2002 ONDREJOV SUN - RADIO SPECTRUM 8.8-2.8 GHz on JUNE 26,1999
GHz GHz ; l 1{
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Na jaké otazky hledame odpovédi ze spekter a modelovani ?

Co a jakym zptisobem probiha v slune¢nich erupcich?
Jak je ohfivana kordna?

Jaky je mechanismus vzniku CME? Jak jsou CME
urychlovany? Daji se ptfedpovidat?

Co urychluje slune¢ni vitr?

Jak jsou urychlovany castice (elektrony, protony) ve
slunecni korone?

s of primary energy release

ising flare loop




Slunce je zdrojem zareni i Castic,
zarukou podminek pro Zivot na Zemi ,
objektem studia fyzikalnich procesu

"
"
" L

| Pocitacovy cluster
Ondreyoy: paralelni programovani
':: \,;eg]m' ‘ humerické modelovani
magnetické rekonexe
pohybu plasmoid...

2000/05/05 00:42 - .




Konec presentace




What is doing the Sun ? What is the Solar Wind ?

Different states for the matter:
1.Solid

2. Liquid

3. Gas

4. Plasma (the atoms are cut into
electrons and protons)

SOHO /LASCO—C2
D003/ 10/2 el 54



Our daily Sun as we like it !




How is generated the magnetic field?
Differential rotation




How is generated the magnetic field?
Differential rotation

L\

ae




How is generated the magnetic field?
Differential rotation




How Is generated the magnetic field?
Differential rotation

SoHO / MD1



Formation of the loops in the corona




Consequences on the EARTH of the
solar explosions

Expulsions of electrons and protons

ELECTROMAGNETIC HIGH ENERGY LOW-MEDIUM ENERGY
RADIATION PARTICLES PARTICLES
ARRIVAL: IMMEDIATEL ¥ ARRIVAL: 15 MIN TO FEW HOURS ARRIVAL: 2-4 DAYS
DURATION: 1-2 HOURS DURATION: DAYS DURATION: DAYS
X-RAYS, EUV, PROTON EVENTS GEOMAGNETIC STORMS
RADIO BURSTS
SATELLITE DISORIENTATION SPACECRAFT CHARGING & DRAG
SATCOM INTERFERENCE FALSE SENSOR READINGS SPACETRACK ERRORS
RADAR INTERFERENCE SPACECRAFT DAMAGE LAUNCH TRAJECTORY ERRORS
SHORTWAVE RADIO FADES LAUNCH PAYLOAD FAILURE RADAR INTERFERENCE

HIGH ALTITUDE AIRCRAFT RADIATION RADIO PROPAGATION ANMOMALIES
SHORTWAVE RADIO FADES POWER ELACKOUTS



Coronal Mass Ejections
&
High energy Particles

v
>

SoHO / LASCO/C2
2003/10/24 14:06

A coronal mass ejection (CME)

is an observable change in coronal
structure that occurs on a time
scale of a few minutes and several
hours and involves the appearance
(and outward motion, RS) of a new,
discrete, bright, white-light feature
in the coronagraph field of view."

SoHO /LASCO /C3

2003/10/28 00:18

28 oct 03



2. High energy particles from flares and CME shocks

Electrons, protons and other ions with energies
of few 100 MeV, at times several GeV

Effects: * Heating and ionization of the Earth's upper atmosphere,
* Electrification of the upper stratosphere.
Impacts: * Radio communications disturbed,

* Damage fo solid state devices, leading to malfunctions, single
event upsefts, latch-ups etc. in satellite electronics,

* Blinding of CCD cameras in Earth orbit,

* Enhanced radiation doses for astronauts

GPS NAVIGATION INTERFERENCE

’ IONOSPHERE
SCINTICLATION ~ »




Arrival of the magnetic clouds close to the Earth

It is generally accepted that CMEs involve fluxrope
structures with strong non radial fields

Magnetlc Cloud Event The Ear"rh amf:lgneT

October 18-20, : _ﬁ/ LA




The magnetosphere




3. Low to medium-energy particles, plasma clouds

Effects:

* Sudden compression of the Earth's magnetosphere,

* Distortion and depletion of the radiation belts, leading
to release of large fluxes of energeftic particles,

* Injection of plasma from magnetotail into polar
magnetosphere/ionosphere, thus causing aurorae,

* Severe disturbances of ring currents, i.e. geomagnetic
storms,

* Heating of ionosphere and upper atmosphere,




3. Low to medium-energy particles, plasma clouds

Impacts: * Bright aurorae, even at low latitudes,
* Strong fluctuations of geomagnetic field,
* Radio communications disturbed,
* Sudden satellite drag due to heating of the upper atmosphere,
* Charge-up of satellite surfaces due to high fluxes of energetic

rl4

electrons.

Jan, 24, 2004

Saturn Aurora
Hubble Space Telescope « ACS « STIS

16 JUL 2000, 00:01 e S A T




3. Low to medium-energy particles, plasma clouds

Impacts:  * Satellite damages from penetrating energetic particles,
* Satellite disorientation due to magnetic field distortion

* GICs endangering power distribution nets, pipelines
telecommunication lines etc

* Effects on biological sys’rerr{s.
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The Sun -Earth system in the Universe
Qalaxie NGC 1300 vue de Hubble




Around the Sun and the planets : the
heliosphere

The heliosphere protects us from the cosmic rays coming from the galaxies

Cosmic Rays

Solar Wind Termination Shock
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Interstellar

Heliopause
Wind
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Bow Shock

Solar cosmic rays
Cosmic Ray

The Sun






The Magic Sun



