SoHO: 20 ans
d’observations solaires
et heliospheriques
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Le contexte des missions
spatiales solaires

#1973 : Skylab 2 2002- : RHESSI

% 1980-1989 : SMM % 2006- : STEREO
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Objectifs de SoHO

SOHO was designed to answer the following three
fundamental scientific questions about the Sun:

e What is the structure and dynamics of the solar
interior?

® Why does the solar corona exist and how is it
heated to the extremely high temperature

of about 1 000 000°C?

® Where is the solar wind produced and how is it
accelerated?



Comment les atteindre ?

12 instruments

opectroscopie Imagerie




A savoir

* Mission conjointe ESA/NASA + agences
nationales

e Construit en Europe, lance et opere par la NASA
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Objectifs de SoHO

SOHO was designed to answer the following three
fundamental scientific questions about the Sun:

e What is the structure and dynamics of the solar
Interior?




What is the structure and dynamics
of the solar interior?

Probleme des
- neutrinos
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What is the structure and dynamics
of the solar interior?

Les modes
graal...
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What is the structure and dynamics
of the solar interior?

Les modes
graal...

Elsworth et al. 2006



What is the structure and dynamics
of the solar interior?
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Mesures en intensite, en vitesse, un S/B exceptionnel
=> assymetrie des modes
=> excitation a qques 100km sous la photosphere




What is the structure and dynamics
of the solar interior?

Sismologie locale => details subphotospheriques

198 Mm

Ilonidis et al. 2011
b



What is the structure and dynamics
of the solar interior?

Vitesse du son plus
elevee (rouge)

et al., 2000)

‘_ Vl’resse du son plus
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Sound speed beneath sunspot



What is the structure and dynamics
of the solar interior?

50 100 100 200 300
Distance (Mm) Distance (Mm)

dt acoustique a T=0
et 42Mm < z < 75Mm

Distance (Mm)

B surface a T=+24h

= \ B surface a T=+24h

Ilonidis et al. 2011
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Emergence d'une région active... mais resultat controverse
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Sismologie locale

Meridional Flow Inversion Results
r’'R =099
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Giles et al. 1997
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What is the structure and dynamics
of the solar interior?

« The far side » (par MDI)

Obs_2001.04.11_00h

Earthsde

Obs_2001.04.24_12h

Earthsde




What is the structure and dynamics
of the solar interior?

Un autre « far side » (par SWAN)

i NEAR SIDE: | FAR SIDE i




Objectifs de SoHO

SOHO was designed to answer the following three
fundamental scientific questions about the Sun:

e What is the structure and dynamics of the solar
Interior?

e Wh th l Ist and h IS It
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Why does the solar corona exist and how is it heated to
the extremely high temperature of about 1 000 000°C?

Parndl & JJ@E&QQ% :“ERACE 171135 A

e Distribution d’énergie des
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=> difficulte: mesurer
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Aschwanden et al., 2000;
Krucker & Benz, 1998;
Berghmans et al., 1998;

Aletti et al., 2000
Flare energy 18
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Why does the solar corona exist and how is it heated to
the extremely high temperature of about 1 000 000°C?

Détection de pulsations d’intensité avec des longues périodes (quelques heures) avec EIT
Balayage de |'archive EIT : statistiques pour tout le cycle solaire 23
Tres repandue ( environ 1/2 des régions actives), notamment dans les boucles
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Maintenant analyse thermique de ces boucles pulsantes avec SDO/AIA (Froment et al. 2015)

=> Signature observationnelle d'un chauffage quasi-continu, localisé a basse altitude

(voir posters 5.1, 5.5 et 5.14) s



Why does the solar corona exist and how is it heated to
the extremely high temperature of about 1 000 000°C?
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Ions lourds beaucoup plus chauds que protons et électrons.
Apparemment dd a la résonance ion-cyclotron +

amortissement d’'ondes d’'Alfven .



Why does the solar corona exist and how is it heated to

the

extremely high temperature of about 1 000 000°C?

Source d'énergie: |’energie méecanique de la convection
interne.

Pas forcement le meme mecanisme selon la region

Systeme turbulent force, dont |'échelle de dissipation
est inferieure a la resolution spatiale des instruments.

Reconnexion => onde d'Alfven => amortissement
resonance ion-cyclotron

Probleme concernant le chauffage par resonance ion
cyclotron : frequences prevues devraient etre de
'ordre de 10° a 10* Hz, trop élevé pour les ondes
d'Alfven de la couronne (P ~minute-heure)

24l



Objectifs de SoHO

SOHO was designed to answer the following three
fundamental scientific questions about the Sun:

e What is the structure and dynamics of the solar
Interior?




Where is the solar wind produced and
how is it accelerated?

Vitesses Doppler
/

Structures
magnetiques
chromospheriques

Vent initie tres bas aux frontieres du
reseau de supergranulation

Hassler et al, 1999
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Where is the solar wind produced and
how is it accelerated?

-
S /
e \“55"}? *‘ AW ==~ MDI magnetograms
Si II (2 10* K)
C IV (10° K)

Ne VIII (6 10° K)

Source du vent 5000-20000 km au dessus
de la photosphere dans des structures
magnetiques ouvertes



Where is the solar wind produced and
how is it accelerated?
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Mesures UVCS dans le cas d’un trou coronal



Where is the solar wind produced and
how is it accelerated?

Interplume
Plume

Contribution des Interplumes pour
Patsourakos & Vial, 2000; Teriaca
et al. 2003; ...

Contribution a 50 % pour les
| plumes et a 50% pour les
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Dynamique de la couronne
Les CME vues par SOHO

« An order of magnitude more
CMEs have been observed
than the combined
set of all CMEs observed in
the pre-SOHO era »

s Thousands oF papers have

2000/12/20 14:30




Dynamique de la couronne
Les CME vues par SOHO
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Dynamique de la couronne
Les CME vues par SOHO
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Dynamique de la couronne
Les CME vues par SOHO
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Emslie et al, 2012

1 10 100 1000 10000
CME Kinetic Energy in SW Frame (10%° ergs)

Association frequente CME/flare et majeure partie
de |'énergie sous forme cinétique dans la CME



Dynamique de la couronne

04:50 UT | 05:07 UT 05:24 UT

SOHO-Extreme ultraviolet Imaging Telescope (EIT)

“Onde EIT” en expansion depuis le site d’initiation d’une éjection coronale de maticre (CME)
Observation dul2 mai 1997
Différences d’images prises dans la raie du FeXII a 195 A (1.5 MK)

Difféerence d’'images dans la raie du Fe XII a 19.5 nm Thompson et al., 1999

Detection de l'initiation d'une CME : ondes EIT
(onde magneto-acoustique excitee par
le depart de la CME)
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Diagnostic du plasma

A l A -

1050

Observations intensite + Doppler




Diagnostic du plasma

Parametres physiques d'une CME, observés a 2.3 rayons solaires

Objet Densite T T
(10 (10 (10
Streamer 2 - 3.1 | R/ 1.5
Front 6 1.4 - 1.8 <1.5
Protu (sommet) A 1.6 <1.6
Protu (pieds) 2 > 0.1 < 0.5




Dynamique de la couronne

Ondes & oscillations

Observation
d’oscillations en
intensite et vitesse
par SUMER dans
les raies Fe XIX et
Fe XXI (Kliem et al.
2002; Wang et al.
2002, 2003)
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7mn < Periodes < 3lmn ; v < 200 km/s
Temps d’'amortissement de 5 a 35mn
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Dynamique de la couronne

Ondes & oscillations

Oscillations interpretées comme ondes magnéto-acoustiques
lentes observées en de multiples occasions:

e a19 R, dans un trou coronal, P~9mn, avec UVCS (Ofman

et al, 1997, 1998)
e entre 1.01 et 1.2 R, par EIT a 17.1 nm (DeForest & Gurman,

1998
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Composition du vent solaire

Elements not routinely observed
by solar wind experiments

elements: MgAlSIi PS Cl K I Cr MnFe Ni
isotopes: ' Cl Ar Ca CrFe
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Total Solar Irradiance
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Mesures sur presque 4 cycles, dont 50%
par SOHO (VIRGO)
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Cometes

Plus de 3000
cometes
decouvertes

par
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Comment fabriquer un OVNI
avec SOHO/EIT




Comment fabriquer un OVNI
avec SOHO/EIT

‘UFQO’ on

By TIM UPTON

WASHINGTON: The
object is certainly un
identified and ap-
pears to be flying

Whether this en
larged image really
shows a UFO piloted by
aliens remains to be
seen. But according to
the people wWho re
leased it this photo and
hundreds like it are the
best evidence yet of the
existence ol spacecraft
from other worlds

UFO Investigators
say the Image was cap
tured by the Solar and
Heliospheric Observ
atory (SOHO), a NASA
satellite that was
launched In 1996 to

observe the sun. Since
then, it is said, SOHO
has captured hundreds
of images of UFOs mov-
ing along a kind of alien
superhighway

SOHO is more than
1.5 million kilometres
from Earth with its
camera trained to
wards the sun. Experts
say the photographed
objects are likely to be
only hundreds of kilo
metres from its lenses

Graham Birdsall, edi
tor of UFO magazine,
said: “The images are
Urrefutable in that they
are from official satel
lites owned by NASA
They resemble the kind
of spacecraft we used to
see In sci-fi Alms like
Star Trek.”

NASA camera

2001/01/18 16:24

UTTERLY ALIEN: The image investigators say shows a UFO.
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GINCO OPERATIONS RESOURCES PARTNERS ABOUT IDOC

Last News

Toutes les donnees
SoHO et plus
encore (autres

manipes, outils...)

==
Most recent images of the Sun w J
Nt

List of instruments

Access to Data
Access to analysis tools and catalogs
Publications using MEDOC data

News

idoc.ias.u-psud.ir/MEDOC



http://idoc.ias.u-psud.fr/MEDOC

Pour visualiser, combiner, toutes ces donnees :
Helioviewer@IAS



http://helioviewer.ias.u-psud.fr/



mailto:frederic.baudin@ias.u-psud.fr

En conclusion

e Le Soleil observe de differentes manieres:
imagerie, spectroscopie, magnetographie,
sismologie, particules => vue globale
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e Le Soleil observe a de multiples longueur
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