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Earth’s Magnetosphere



(Blanc, 2004)



• Not even dipole term well-
resolved by Mariner 10 data.

• Competing hypotheses for the 
internal field (remanence, 
hydromagnetic dynamo, 
thermoelectric currents) predict 
different field geometries.

• Internal field can be separated 
from external field by repeated 
orbital measurements.

• Mercury’s magnetosphere 
provides an important comparison 
to that of Earth.

Mercury’s magnetosphere [Russell et al., 1988].

Mercury’s Magnetic Field



Plasma and Energetic Particles- Magnetospheric Boundary 
Layer (Christon, JGR 94, 6481, 1989)



Reinterpretation of Energetic Particle Fluxes at Mercury (Armstrong, 
Krimigis, Lanzerotti, JGR, 80, 4015, 1975)



The column density of protons injected from the source with the central energy 
10, 30, and 50 keV in the ecliptic plane. The convection electric field is 10 mV/m. 
The parallel component was assumed to be zero (Lukyanov et al, Planet. Space 

Sci.,49,1677,2001).
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Ion Intensities in Jupiter’s Magnetosphere, Voyager 2, 1979
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The “typical” intermediate-energy energetic ion spectra near the 
icy moons are well characterized by Galileo.



Krupp et 
al., 2001



Energetic electron 
measurements remotely 
diagnose magnetic 
topology, boundary 
geometry and surface 
magnetic field strengths 
of icy moons.

Williams et al., GRL, 1998





Krimigis, Armstrong et al, Science, 233, 97-102, 1986



Krimigis, Armstrong et al, Science, 246, 1483-1494, 1989



(Williams, D. J., MOP,
JHU/APL, Laurel, 2002)

Comparative
Magnetospheres





Van Allen Concept of Particle 
Absorption by Planetary Satellites



Van Allen Concept of Resonant Energy



Krimigis, Armstrong et al, 1982





(Blanc, 2004)





ENA Generation Mechanism



Cassini/MIMI discovery of 
planetary nebula of Iogenic
gases populating huge 
volume of space around 
Jupiter (Krimigis et al, 
Nature, 415, 994, 2002)



Cassini Ion and Neutral Camera (INCA) Discovers 
Massive Gas Cloud Encircling Jupiter
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Configuration of Jupiter’s space environment as inferred from 
the INCA image. The new component is the blue gas torus

Planetary space environments glow with Energetic Neutral Atoms (ENAs) from 
interactions between magnetically trapped hot ions and cold neutral gas

INCA ENA Image of Jupiter 
reveals torus of gas just outside 
the orbit of Jupiter’s moon Europa
(Mauk, Mitchell, Krimigis, and 
Roelof, Nature, 421, 920-922,
2003)









Cassini SOI Geometry



Cassini/MIMI/LEMMS In Situ Measurements



Imaging the Corotating Magnetosphere of 
Saturn through ENA



Radiation Belt Inward of D-Ring
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Trajectory



Launch in 
January, 
2006.

Pluto arrival 
in July, 
2015
Launch



(Blanc, 2004)



Artist’s Concept of Heliosphere and 
Trajectories of Voyagers 1, 2
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Lanzerotti, L. J. and S. M. Krimigis, Comparative magnetospheres, Physics Today, 38, 25-34, 1985.

Van Allen Radiation Belts in the Solar System
•Five planets (Earth, Jupiter, Saturn, Uranus, Neptune) have belts
•One planet may have (transient?) belt (Mercury)--MESSENGER, 2008 is 
first flyby
•Venus and Mars do not have radiation belts
•Pluto is unlikely to have belt(s)--must wait for New Horizons encounter in 
2015!
•Perhaps there is a belt surrounding the Heliosphere at > 85-95 AU
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