
EJECTIONS MASSIVES DE PLASMAS DANS L’ESPACE



CES BULLES DE PLASMA MAGNÉTISÉS SE PROPAGENT DANS L’ESPACE

ET PEUVENT EVENTUELLEMENT HEURTER LA TERRE

Vous êtes ici
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• Mécanismes d’énergétisation ?

• Propagation ?

• Interaction avec la magnétosphère ?

• Dynamique géomagnétique ?

• Influence sur la société technologique ?

• Physique fondamentale des plasmas astro ?

Soleil

Vous êtes ici

SYSTÈME TERRE-SOLEIL / MÉTEOROLOGIE SPATIALE
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PHÉNOMÈNE CLÉ DU SYSTEME TERRE-SOLEIL

Reconnexion magnétique





MAGNETOPAUSE





Magnetopause 
reconnection 

Transport1

‣ [Dungey 1950’s] (F. Hoyle student)
James Dungey

• Giovanelli discussed his model with Fred Hoyle

– He became interested in it both for flares and auroral 
applications (Hoyle, Some Recent Researches in Solar Physics, 1949)

• Hoyle gave the problem to his grad student, Dungey, in 1947

– MHD, frozen flux had been developed by then

– A non-zero resistivity η allows the topology of  the magnetic 
field to change near a neutral point (Dungey, Phil. Mag., 1953)

– Suggested the same effect occurs in the magnetosphere, 
coined the phrase “magnetic reconnection” (Dungey, 1950s)
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Magnetospheric Reconnection
• The Earth’s magnetic field at the dayside 

of  the magnetosphere points up (northward)

• The solar wind carries a magnetic field 
through interplanetary space
– If the interplanetary magnetic field (IMF)

points southward, then it is oppositely
directed to the Earth’s field

• Primed for magnetic reconnection! 

• Also, magnetic fields on the nightside are
oppositely directed!
– Suggested fields break on the dayside, 

get dragged to the nightside, and break again
• This is why Dungey dubbed it “magnetic reconnection”

• Leads to aurora, but for a different reason than Hoyle thought
18

Dungey, 
1961

IMF

(growth phase)



Tail reconnection 

Accélération2

‣ [Dungey 1950’s] (F. Hoyle student)
James Dungey

• Giovanelli discussed his model with Fred Hoyle

– He became interested in it both for flares and auroral 
applications (Hoyle, Some Recent Researches in Solar Physics, 1949)

• Hoyle gave the problem to his grad student, Dungey, in 1947

– MHD, frozen flux had been developed by then

– A non-zero resistivity η allows the topology of  the magnetic 
field to change near a neutral point (Dungey, Phil. Mag., 1953)

– Suggested the same effect occurs in the magnetosphere, 
coined the phrase “magnetic reconnection” (Dungey, 1950s)
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Magnetospheric Reconnection
• The Earth’s magnetic field at the dayside 

of  the magnetosphere points up (northward)

• The solar wind carries a magnetic field 
through interplanetary space
– If the interplanetary magnetic field (IMF)

points southward, then it is oppositely
directed to the Earth’s field

• Primed for magnetic reconnection! 

• Also, magnetic fields on the nightside are
oppositely directed!
– Suggested fields break on the dayside, 

get dragged to the nightside, and break again
• This is why Dungey dubbed it “magnetic reconnection”

• Leads to aurora, but for a different reason than Hoyle thought
18
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IMF

(expansion phase)



Dipolarization

‣ [Dungey 1950’s] (F. Hoyle student)
James Dungey

• Giovanelli discussed his model with Fred Hoyle

– He became interested in it both for flares and auroral 
applications (Hoyle, Some Recent Researches in Solar Physics, 1949)

• Hoyle gave the problem to his grad student, Dungey, in 1947

– MHD, frozen flux had been developed by then

– A non-zero resistivity η allows the topology of  the magnetic 
field to change near a neutral point (Dungey, Phil. Mag., 1953)

– Suggested the same effect occurs in the magnetosphere, 
coined the phrase “magnetic reconnection” (Dungey, 1950s)
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Magnetospheric Reconnection
• The Earth’s magnetic field at the dayside 

of  the magnetosphere points up (northward)

• The solar wind carries a magnetic field 
through interplanetary space
– If the interplanetary magnetic field (IMF)

points southward, then it is oppositely
directed to the Earth’s field

• Primed for magnetic reconnection! 

• Also, magnetic fields on the nightside are
oppositely directed!
– Suggested fields break on the dayside, 

get dragged to the nightside, and break again
• This is why Dungey dubbed it “magnetic reconnection”

• Leads to aurora, but for a different reason than Hoyle thought
18
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IMF

(recovery phase)



La reconnexion se 
produira-t-elle ici ?



ou ici ?



ou encore ici ?



C’est la géométrie magnétique des 
structures incidentes et leur interaction 
avec la magnétosphère qui le déterminera

ENORME CONSEQUENCE SUR 
L’IMPACT GEOMAGNETIQUE !



QUELQUES ORDRES DE GRANDEUR

10 RT = 64000KM

~1000KM

~20KM



QUELQUES ORDRES DE GRANDEUR
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SATELLITES



ESA/CLUSTER MISSION

~ 1000 KM

FIRST FORMATION OF SPACECRAFT FOR 3D MEASUREMENTS
2002



MAGNETOSPHERIC MULTISCALE 
(MMS) Mission
A Solar-Terrestrial Probe
Unlocking the  Mysteries
of  Magnetic Reconnection

2015 - 2017

Instruments français

Durée nominale

Budget 1 milliard $  (~ mission L), objectif : l’échelle électronique

~ 20 KM



magnetopause

bow shock
magnetosheath

solar w
ind

solar w
ind

magnetosphere

Les satellites traversent des structures spatiales Séries temporelles complexes
Identification automatique des régions difficile : visuel !
Oscillations des frontières

signatures 
reconnexion !

simulation (simpliste)

trajectoire sat. ?

modèle simpliste

Etude 
process. 
physique.

Processus physiques à la frontière

détection 
visuelle



1- Data Mining et reconnaissances de signatures physiques 

2- Nouvelles signatures, nouvelle physique

3- Outils pour la communauté.

4- Trigger modes « burst » à bord des futures missions 

Objectifs à plus ou moins long terme

- moins de biais de sélection (reproductibilité) 
- Concentrer les études sur l’analyse physique

- Détection visuelle —> évenements textbook-like 
- Détections possibles avec signatures non soupçonnée : 

nouveaux éléments physique sur la dynamique

- Mise au points catalogues publics 
- outils de recherche dans les bases (existantes)

- Algorithmes entrainés à bord des futures missions 
- déclenchement intelligent des modes d’acquisition quand il faut


