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Presenter
Presentation Notes
I’m going to show observations in the Earth’s magnetosphere, but I focus on those that would be useful to discuss M-I coupling in the Mercury magnetosphere.
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Presenter
Presentation Notes
The convection electric field is a fundamental parameter in the magnetosphere that governs motion of plasma.


Simultaneous observation in the ionosphere and magnetosphere
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[Nishimura et al., 2008]
Agreement of electric fields in the ionosphere and magnetosphere,
iIndicating mapping of electric fields along field lines toward the inner
magnetosphere.

If the corresponding magnetic field perturbations are observed (though
not easy near the equator), ionospheric Conductance can be estlmated
remotely (B/E=-p,2p) [Smiddy et al., 1980] "«
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» Response on the southward turning of the IMF Bz
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Convection electric fields in the
lonosphere and magnetosphere change
quickly associated with solar wind and
IMF variations.

* Rapid communication between the
lonosphere and magnetosphere.

* The response will be much slower if 4
Insulated.



» Transmission of electric fields toward the magnetosphere

Electrostatic
mapping
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Electrostatic mapping along field lines is widely adopted to deduce electric
field distributions which are required for ring current and MHD simulations
[e.g., Jordanova et al., 2006; Tanaka, 2003]. However, transmission paths of
electromagnetic energies (Directions of the Poynting flux) should be
determined to understand evolution of convection electric fields.



Purpose

» Quasi-spatial distribution of large-scale electric fields In
relation to particle structure

e Time evolution of large-scale electric fields associated with
IMF southward turning, SW pressure change and substorm
onset

Poynting flux associated with convection electric field
changes

» EXpected features in the Mercury magnetosphere



» Quasi-spatial structure during a magnetic storm

CRRES 19910709 ORB=0847
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> Response of the electric field to southward turning
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» Sudden commencement
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Electric and magnetic field data
measured by Cluster

Magnetosphere

Preliminary
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Dusk-dawn electric fields began to intensify 20 sec
before the main impulse reached the spacecratft.

It indicates existence of an energy transmission process
other than the propagation across the magnetosphere.



Poynting flux
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Cluster C1-4 Poynting flux 11 May 2003
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» In the Mercury magnetosphere (with the ionosphere),
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To the sun
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[Hashimoto et al., 2002; Kikuchi, 2005]

* Region-1 FACs and electric field in the SW-M interaction
 Quick response of ionospheric convection (Incompressible)
 Alfven wave toward the magnetosphere

* Response of magnetospheric convection
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» In the Mercury magnetosphere (without the ionosphere),
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» Charge distribution on the dayside high-latitude ground will change.

 Effects on the magnetospheric electric field would be negligible
unless the ground charging is huge.
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» Response of large-scale electric fields to substorm onset

March 14, 1991
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* CRRES measurements in the premidnight sector where
SAPS are frequently observed in the conjugated
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» Onset timing of the electric field
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The onset of the electric field
enhancement occurs

2 simultaneous with the substorm

onset.

U

The magnetospheric convection
In the premidnight is strongly
controlled by substorms in
addition to storms.

eAcceleration of ring current ions

| ePlasmapause erosion
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» Response of the ring current, plasmapause and plasmasheet

CRRES March 14, 1991
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e Electric field enhancement
around the plasmapause: SAPS

* Enhancement of ring current
lons

* The outer edge corresponds to
the inner edge of the plasmasheet.

* The plasmapause corresponds to
the inner edge of the plasmasheet.

 The plasmapause location
deviates from the stagnation point.

—  Plasmapause erosion



< Substorm as a consequence of the M-I coupling
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[Nishimura et al. 2010]

Substorm onset is triggered in the M-I coupled convection system.



Presenter
Presentation Notes
We have reported the pre-onset sequence using multiple ASIs.
…
This sequence demonstrates that reconnection and earthward plasma flow leading to substorm onset.
Wide FOV is essential for detecting the pre-onset sequence.


Summary

» Quasi-spatial distribution of large-scale
electric fields during storms and substorms
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Enhanced electric field confined earthward of
the electron plasma sheet.
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» Response to IMF southward

almost simultaneously (<30 sec):

measured electric field changes
Quick response of large-scale

The inner three spacecraft

Cluster C1-4 Electric field 11 May 2003
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Cluster C1-4 Magnetic field 11 May 2003
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