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The Earth’s magnetosphere

• Controlled by the Earth’s magnetic field

• Solar wind deflected around it: bow 
shock, magnetosheath & tail.

• Energy transfer from the Sun to the 
Earth: solar wind particles trapped inside, 
aurora.

General questions:

• Origin of the different plasma regions 
created by the field topology

• Nature of processes governing the 
density and energy distributions

• Relationships between 
magnetospheric plasma and solar wind



• ESA/NASA 
cooperative project

• Four spacecraft, 
co-orbiting, with 
variable separation 
distances

• 11 experiments

• Polar orbit

• Science Operations 
since February 2001

Cluster: Introduction 

The first four spacecraft constellation to study the 
plasma environment of the Earth
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Cluster: polar orbits in yearly precession 
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To characterise:

• plasma waves 
direction of propagation

• plasma flows 
uniformity, gradients, vorticity

• spatial structures
thickness, movements

Cluster: Why four spacecraft? 

Characteristic scales depend 
on Cluster inter-spacecraft 
separations
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Ex: Small scale motions at the bow shock



A lone spacecraft may see a 
plasma flow locally…

… but we need more spacecraft to 
find out if it is part of a larger uniform 
flow…

… or a flow channel whose speeds vary 
across the channel… … or even a flow vortex.



Key observations: 
• High density region intruding

into thelow density
magnetospheric region(C1)

• Vortical plasma flow

Satellite separation ~ 2000 km
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[Hasegawa et al., 2004]

Density

Ex: Kelvin-Helmoltz vortices along the flank magneto pause 
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Cluster: Tetrahedron scales 

Cluster now in “multi-scale 
mission” with a large scale 
triangle, adjustable 4 th point

Ex: Kelvin-Helmoltz vortices:
complex structures occurring on 
scales >20,000 km



• CNSA/ESA 
cooperative project

• Two spacecraft, Tan 
Ce-1 and Tan Ce-2

• ESA contribute part 
of the science 
payload, ground 
station coverage, co-
ordination of science 
operations

• Orbits chosen for 
synergy with Cluster 
to enable new 
science

Double Star: Introduction 

First Chinese pure science mission
First Chinese mission with international co-operation 



Double Star: Orbits

.

These orbits have higher
radiation exposure than
Cluster

.

• TC-2 was launched into a 
polar orbit (July 25th 2004).

• TC-1 was launched into a 
near equatorial orbit 
(December 29th 2003).



Double Star: TC-1 PEACE
The PEACE flight instrument for the first Double Star spacecraft

Extra radiation shielding, only one sensor



Solar 
Wind

Why Double Star and Cluster? 



Why Double Star and Cluster? 

Periodically in key interconnected regions of the magnetosphere

• TC-2 in cusp 
• TC-1 & Cluster at the magnetopause
� can test ideas of how reconnection at 
magnetopause should produce cusp 
signatures 

• TC-1, TC-2 & Cluster spaced out along 
the magnetotail
� can test ideas of how reconnection 
events transmit energy through the 
magnetotail



Reconnection onset at 
typically 20 to 30 RE downtail.

Ex: Substorm Onset Investigation
The sequence of events in a magnetospheric substorm
• a very controversial subject for several decades
• mainly due to the lack of multiple observation points in key locations. 

Aurora onset likely map to 
current disruption region, 
8 to 10 RE downtail.

A) Near-Earth Neutral Line Scenario

B) Current Disruption Scenario



Orbital positions 
and motion of 
Cluster, TC-1 & TC-2

03 September 2004 
02:00 – 04:00 UT
GSM Positions at 03:00 UT
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Ex: Substorm Onset Investigation

TC-1, TC-2 & Cluster at times extending to different distances 
down the magnetotail

� ideal to test which way a disturbance propagates along the tail.



Disturbance signatures: 

• Cluster: 02:35 UT

• TC-1: 02:37 UT 

• TC-2: 02:37:30 UT

• Auroral spot first 
appears between 02:36:38 & 
02:37:32 UT

Ex: Substorm Onset Investigation
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[Fazakerley et al., in preparation , 2006]

The disturbance clearly starts far down the tail and travels Earthward, 
supporting the NENL model (A)




