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Planetary Magnetospheres
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Basic concepts of magnetospheric physics

The Magnetosphere of the Earth — the prototype
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Current systems

Planetary Magnetospheres
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Planetary Magnetospheres

A magnetosphere may form when a magnetized planetary object is
embedded in a flowing plasma

The magnetic pressure of the planet must be large e  nough to stand off
the incident flow over at least some parts of the s urface

magnetospheres are surrounded by a magnetized plasm a- the solar
wind:

— hot tenuous magnetized plasma whose source is the s olar corona

— flows radially outward from the Sun at supersonic s peed (~400 km/s)

the structure of a planetary magnetic field is modi fied by interaction
with the solar wind

a magnetized planet deflects the solar wind forming a cavity from which
the solar wind is excluded -> the magnetosphere
MPS)
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Planetary Magnetospheres

Term introduced by Thomas Gold in 1959

Earth’s magnetic field determines the motion of the charged
particles

Not a “sphere”- solar wind deforms the shape of the
magnetosphere

Proper magnetospheres (planets with internal B)
— Mercury, Earth, Jupiter, Saturn, Uranus, Neptune
— neutron stars, pulsars, ...

— magnetized moons (Ganymede) and asteroids (Gaspra?)

Solar wind induced magnetospheres
— Venus, Mars, Comets
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Planetary Magnetospheres
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Planetary Magnetospheres
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Planetary Magnetospheres
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Planetary Magnetospheres

Mercury - Magnetic field Ganymede - Magnetic field
detected by Mariner 10 in 1974 detected by Galileo in 1996
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Planetary Magnetospheres

Rotation Dominated
Satellite plasma sources
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Planetary Magnetospheres

Magnetic field plasma density

Mercury: 46 - 21 nT /3 -33 cm-1
Earth: 8 nT 5cm-1

Jupiter: 1nT 0.2cm-1
Saturn: 0.6 nT 0.06 cm-1
Uranus: 0.3nT 0.01 cm-1
Neptune: 0.005 nT 0.005 cm-1

The velocity is almost constant in the inner part o f the
heliosphere and ranges between 400 and 800 km/s
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Planetary Magnetospheres
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Planetary Magnetospheres
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Planetary Magnetospheres

e Solar wind dynamical pressure ( mV?) at 1 AU is
about 102 Nm= (1 nPa)

atmospheric pressure at 3000 km (where the
magnetic field pressure B2/2 ,is much larger)

Magnetic pressure is 1 nPa at about 10 RE (1 RE »
6370 km) (where the magnetospheric plasma
pressure p = nkBT is much smaller)
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The magnetosphere of the Earth
The prototype magnetosphere
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The magnetosphere of the Earth
Regions
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Plasma parameters for various regions in the magnet  osphere
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Magnetopause formation
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Magnetopause position
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Deformation of the Dipole magnetic field
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Charged particle motion in the magnetosphere
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Electric current systems in the magnetosphere
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Radiation belts
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Radiation belts
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Ring current
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Magnetospheric convection and corotation

E+v B=0
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Convection and corotational fields
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Sum of corotational and convection electric fields
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Plasmasphere
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Magnetic storms
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Substorm phases
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Particle injections to the inner magnetosphere
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Particle injections to the inner magnetosphere
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Substorm current wedge
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A magnetosphere at work
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A magnetosphere

at work
Magnetopau==
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A magnetosphere
at work
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A magnetosphere
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A magnetosphere
at work
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Dynamics
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Planetary magnetospheres - Overview
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The magnetosphere of Mercury
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Planetary magnetic field of Mercury
Mariner 10 results 1974

Ness et al., 19



Mercury‘s magnetosphere
after Messenger flyby 1, Jan 2008

Slavin, Science 2008
MITPS



Mercury‘s magnetosphere
Messenger flyby 1, Jan 2008
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Mercury‘s magnetosphere
Messenger flyby 1, Jan 2008
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Ganymede magnetosphere
A magnetosphere within a magnetosphere
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Ganymede:
Electron beams in Ganymede's magnetosphere
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Magnetosphere of
Ganymede
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Ganymede magnetosphere simulation
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lMin

Krimigis et al, Science, 233, 97-102, 1%



Krimigis et al, Science, 246,
1483-1494, 1989
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o lon-dominated, lo source
Rgs~1.2 Ry,

Disk (rather than spherical) obstacle
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Earth's-like magnetosphere
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Jupiter’'s magnetosphere
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Jupiter

Structure and dynamics of the outer magnetosphere
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Jupiter: Global particle flow pattern in Jupiter’s magnetosphere

Galileo/EPD measurements in the equatorial plane
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Flow measurements in Jupiter's magnetosphere
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Global Flow Pattern in Jupiter’s equatorial plane
strong local time asymmetry between dawn and dusk
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Cowley et al. 2003
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Polar View

Dawn

Dusk

Dawn

Side View

Equatorial
View
Dusk



Equatorial

View
Dawn Dusk
Polar View Hill Region
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corotating
Dawn Dusk plasmasheet
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Polar View

Inward motion
--> less |load on
lonosphere

Dawn

Outer Magnetosphere

“Cushion Region”

Side View

Equatorial
View
Dusk

Outward motion
--> more load on
lonosphere
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Are there substorms in Jupiter’'s m’sphere?

/8 MRS



Dynamics of the Jovian magnetotall
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Transient periodical disturbances
with repetition period of several days

(the most characteristic 2-3 days)
are observed in the Jovian magnetotail!
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Jupiter: Particle observations in the deep Jovian
magnetotail (New Horizons)
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Dynamics in Jupiter’'s magnetosphere
Particle injections
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Dynamics in Jupiter’'s magnetosphere
Energetic Particle Injections & correlation to auro ral emissions

24 hour Galileo Energetic Particle Spectrogram HST Image of Jupiter’s UV aurora

Mauk et al., 1997; 1999, 2000

R(F,) 12.83 11.33 10,77 11.37 12,81
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Jupiter

Different types of aurora
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Large-scale current system in the Jovian magnetosph ere
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Origin of the Jovian main aurora
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Saturn:
Mixed magnetosphere
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Saturn‘s magnetosphere
Cassini results
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ENA generation mechnism
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Plasma regions and sources at Saturn
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Saturn: Macrosignatures in the energetic particle | ntensities
from moons

Roussos, 2008

K , 2009



Saturn:
Enceladus- Imprint on the magnetosphere
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Ring current at Saturn
ENA image of Cassini MIMI/INCA
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Saturn: Flow pattern

Voyager 2 PLS and Cassini INCA Azimuthal Velocity
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Saturn:
Periodicity of SKR
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saturn: Event 1 - August 4th 2006
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Saturn‘s magnetosphere
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Summary
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Future missions
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