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Ion outflows paths

[Andre and Cully, GRL, 2012]
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[Sauvaud et al., 2001]

Magnetopause

Ion outflows
O+, He+ and H+
outflows coming 
from the Earth
and accelerated by 
magnetopause 
motion

Direct ion detection



Indirect ion detection: sounder

[Sauvaud et al., 2001]
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Ion instrument cannot detect ion outflows with Ei below S/C potential



[Engwall et al., 2006]
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Wake electric field EDI (electron gun)
(not affected by wake)

EFW (wire booms)
(affected by wake)

=> Ion outflow 20-30 km/s
[Engwall et al., 2006]



[Engwall et al., 2009]

Cold ion outflows up to 18 Re down tail

10 min interval



O+ from cusp to lobes and plasmasheet

[Liao et al., 2015]

[Kistler et al., 2010]



O+ outflows: bulk velocity and flux over polar region

• cusp is the main 
source of oxygen ion 
outflow (strong wave 
heating)

• polar cap source 
would be consistent 
with for cold ions 
observed in the 
lobes. 

[Nilsson et al., 2012]



O+ outflows heating in cusp 

[Bourham et al., 2004]

Upward velocity

Temperature

Mean energy



O+ and H+ outflows centrifugal acceleration

• Centrifugal acceleration 
is due to the change of 
shape of field lines over 
the polar cap

• Use four Cluster 
spacecraft to measure 
this change

• Acceleration around 10 
ms−2 and frequently 
reaches 100 ms−2

[Nilsson et al., 2004]
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Plasmasphere plume during geomagnetic storm

[Goldstein/SWRI/NASA]



Plasmaspheric plumes
IMAGE Cluster

Plume

Plume

Plasmaspheric plumes rotate around the Earth, with their foot fully co-rotating, 
but with their tip rotating slower and moving farther out [Darrouzet et al., 2016]

Cluster



Plamasphere wind: predicted 25 years ago
 Result from a 

plasma 
interchange 
motion driven 
by an 
imbalance 
between 
gravitational, 
centrifugal, and 
pressure 
gradient forces 

[Lemaire and Schunk, 
1992]



Plasmaspheric wind: discovered

[Dandouras, 2013]

• Low energy mode 
(RPA) + SC potential 
very low in 
plasmasphere

• More ions moving 
outward than inward

• Continuous 

• Flux: 5x1026 ions s-1



Solar illumination effect on outflows

[Maes et al., 2015]O+ flux higher above the sunlit ionosphere 

Sunlit Darkness

SZA>100

SZA<100



Cold plasma in the magnetotail lobes

• 16 years of 
Cluster data

• Asymmetry North-
South: Northern 
hemisphere 
denser outflows

[Haaland et al., 2016]



Cluster Science Archive Web Interface

 This is an entry page of web-client for browsing and downloading datasets
 This GUI allows users to display pre-generated panels; other services will follow later



CSA Distribution function Plotting Tool

This service allows users to 
visualize particle distribution 
functions in four different plot 
types; no other archive is able 
to provide this kind of service 
yet



Summary and conclusions

• Cluster with 17 years of accumulated data can be used in exhaustive statistical 
studies as well as event studies.
• Its specific instrumentation:

• low energy detector modes
• two complementary Efield instruments 
• spacecraft potential control and sounder
• polar orbit

has returned crucial data sets for outflows understanding and atmospheric escape 
• Cluster science archive allows easy and fast access to data
• Cluster has been extended up to end 2020 and a proposal up to end 2022 is in 

preparation
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