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Figure 1—Earth’s magnetosphere. The sketch shows important features of the plasmas and
waves in the magnetic fields that surround Earth.

Lanzerotti, L. J. and S. M. Krimigis, Comparative magnetospheres, JHU/APL Tech. Dig., 7, 335-347, 1986.



Auroral currents :

A great example of
multiscale physics
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Mercury’s Magnetic Field

z_,}/
®* 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.
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Mercury

* Internal field can be separated
from external field by repeated

§\ orbital measurements.

Tnetopause ®* Mercury’s magnetosphere
1 provides an important comparison
N | to that of Earth.

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



Plasma and Energetic Particles- Magnetospheric Boundary

Layer (Christon, JGR 94, 6481, 1989)

CHRISTON: ELECTRONS AT MERCURY’S MAGNETOSPHERIC BOUNDARY LAYER
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(a) The Xyo-Yypo projection of Mariner 10’s trajectory at Mercury 1 on day 88, 1974 (indicated by arrows) is shown

in Mercury Orbital MO coordinates (described in the text). Cool and hot plasma regions as well as principal analysis periods
are indicated. The (un)shaded portion of the 6-s average ID1 counting rate of the main telescope (MT), which is offset from
the trajectory, identifies (>175) >35 keV electron fluxes. Local times are shown. Insert at top shows view directions and
angular openings of the MT and PSE electron analyzer (see Eraker and Simpson [1986] and Ogilvie et al. [1977], respectively,
for details). (b) Simultaneous 6-s averages of >35 keV or >175 keV ID1 electron data are compared to 13.4-688 eV plasma
electron data (6-s samples of 15 logarithmic, equally spaced, energy channels of the PSE electron analyzer are separated into
three groups of five adjacent channels). The (un)shaded portion of the ID1 counting rate identifies (> 175) >35 keV electron
fluxes. Highlighted periods are discussed in text.



Reinterpretation of Energetic Particle Fluxes at Mercury (Armstrong,
Krimigis, Lanzerotti, JGR, 80, 4015, 1975)
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Fig. 1. The B event during Mercury encounter, adapted from
Simpson et al. [1974a]. The labels ‘electron flux (~300 keV) and
‘proton flux (~550 keV)' are those of Simpson et al. [19744). All other
Iat?cls have been added, with the exception of the label on the time
axis.



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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J.A. Slavin | Advances in Space Research 33 (2004) 1859-1874
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Fig. 2. Schematic view of the bow shock and magnetosphere of Mercury.



Pluto —

8/89

Saturn

25 Aug 81~ Uranus
24 Jan 86 VOYAGER 2




Low Energy Charged Particle

Instrument on Voyager

Low Energy
Magnetospheric
Particle
Analyzer

Low Energy
Particle
Telescope

Rotating
Stepper
Platform

Stationary
Dome

Sun Shield

In flight
Calibration
Sources



Ion Intensities in Jupiter’s Magnetosphere, Voyager 2, 1979
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The “typical” intermediate-energy energetic 1on spectra near the
icy moons are well characterized by Galileo.
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Krupp et
al., 2001
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Figure 6. Flow velocity vectors of sulfur ions (16-30 keV/nucleon) in the Jovian equato-

]

rial plane. Data are dynamically time-averaged (T = 3

min - distance [R]). The colors

distinguish between certain values of the ratio between the velocity values and the rigid

corotation velocity Vi

cyan: g/ Bpigig < 0.2 (sub-corotational flow < 20%);

blue: 0,2 < 240/ tgia < 0.8 (sub-corotational flow between 20 and 80%);
green: 0.8 < U9/ Migaa < 1.2 (corotational flow £ 20%);

red: 1/ Upigia > 1.2 (super-corotational flow).

Black vectors indicate those time periods where the radial components are larger than the

components in corotation direction (radial inward and outward bursts).
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Comparative
Magnetospheres

(Williams, D. J., MOP,
JHU/APL, Laurel, 2002)
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an Allen Concept of Particle
sorption by Planetary Satellites
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Fig. 22. Sketches illustrating the absorption by a planetary satellite of energetic charged particles
trapped in the planet’s magnetic field. The meridian section on the left shows the spiraling
motion of charged particles between mirror points in opposite hemispheres and a tube of mag-
netic lines of force through the satellite (filled circle) that is depleted of particles. The equa-
torial section on the right shows the types of absorption signatures that may be observed as a
spacecraft crosses the satellite’s orbit at three different longitudes, i.e., as a function of the
dimensionless parameter 7 (Van Allen 1982).
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Fig. 23. A family of calculated curves illustrating the time dependence of the one-dimensional

diffusive fill-in of the charged particle shadow of a satellite of radius & for particles whose
radius of curvature is much less than b (Van Allen et al. 1980b).



Van Allen Concept of Resonant Energy
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Fig. 17. Plots of the calculated time interval between successive encounters of electrons (upper
two curves) and protons (lower two curves) with Enceladus as a function of kinetic energy of
the particles. Of particular interest is the resonant, or synchronous, energy for electrons, £, =
1.00 MeV for ag = 90° and 1.21 MeV for ag = 30° (cf. Table I herein using a slightly different
magnetic field model than that used by the original authors). Protons experience no such reso-
nance at any energy. The horizontal line AA’ illustrates a sample diffusion time past Enceladus
so as to result in a narrow band-pass filtering effect on the spectrum of electrons diffusing
inward across its orbit (1 Rg = 60,000 km in this figure) (figure from Van Allen et al. 19805).
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A possible 3-D

picture of the Titan
magnetospheric
interaction as
suggested by the
Voyager-1 fly-by and
by simulation studies.
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Magnetospheric Imaging Instrument (MIMI)
On the Cassini Mission to Saturn/Titan
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ENA Generation Mechanism
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Jupiter nebula fed by lo's volcanoes Telescope 2
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Cassini Ion and Neutral Camera (INCA) Discovers
Massive Gas Cloud Encircling Jupiter

Planetary space environments glow with Energetic Neutral Atoms (ENAs) from
interactions between magnetically trapped hot 1ons 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 Configuration of Jupiter’s space environment as inferred from

Roelof, Nature, 421, 920-922, the INCA image. The new component is the blue gas torus
2003)
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CASSINI MAPS INSTRUMENTS

In Situ Remote sensing
CAPS Cassini Plasma Spectrometer F(v), composition, density, velocity
(D.T. Young) and temperature of ions and
electrons
CDA Cosmic Dust Analyzer Flux, velocity, charge, mass and
(E. Griin) composition of dust and ice particles
INMS Ion and Neutral Mass Spectrometer Measures neutral species and low-
(J.H. Waite) energy ions
MAG Dual Technique Magnetometer Direction and strength of magnetic
(D. Southwood) field
MIMI Magnetospheric Imaging Instrument Composition, charge state and ENA imaging of Saturn's
(S.M. Krimigis) energy distribution of energetic ions magnetosphere and Titan’s
and electrons environment
RPW Radio and Plasma Wave Science Local plasma waves plus electron Radio emissions
S (D.A. Gurnett) density and temperature
RSS Radio Science Subsystem lonosphere density profiles of Saturn
(A.J. Kliore) and Titan
UVIS Ultraviolet Imaging Spectrograph Ultraviolet emissions (aurora,
(L.W. Esposito) airglow)
ISS Imaging Science Subsystem Imaging of aurora, all Saturn system
(C. Porco) objects
VIMS Visible and Infrared Mapping Imaging and spectroscopy of IR

Spectrometer (R. Brown) aurora



CASSINI - SATURN ORBITAL SAMPLE TOUR
Saturn North Pole View
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Cassini SOI Geometry
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/MIMI/LEMMS In Situ Measurements
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Imaging the Corotating Magnetosphere of
Saturn through ENA
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Radiation Belt Inward of D-Ring

New - Main (a)
Radiation Radiation
Belt Belt

. _ ~\ D-ring
Magnetic | Yt L &&= Inner Edge

hield hnes

(b)

L

M._pgng'_u:. Heded I|r'||._-'_'.

Main radiation bedt

MNw




1000

100

counts

10

Cassini/MIMI/CHEMS

2004 183 0800-1800
83-220 keV/e All Telescopes

Double Coincidence
L =5.7-12.6 outbound

10

mass per charge (amu/e)

9/30/04



120

100

80

60

Counts

40

20

2004 182 8 - 183 16

Cassini/MIMI/CHEMS 83.990 keV  Tol 2
| | | | | | | | | | | | | | |
Saturn's + Triple Coincidence

7 Magnetosphere O 3

Water G

.

roup lons

e, »

+ .
OH H

\9
2

HO
3

12

m/q =m/q - 0.5

16

18

mass per charge (amul/e)

20

plotted: 7/2/04



Mercury Orbit
- Insertion (MOI)
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Artist’s Concept of Heliosphere and
Trajectories of Voyagers 1, 2
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Figure 4—Magnetosphere sizes,
satellite locations, and planetary or-
bital radii. Each vertical bar repre-
sents the distance from the center
of a planet to the Sunward bound-
ary of its magnetosphere, in units
of the planet’s radius. The magne-
tosphere size for Neptune is an es-
timate. (Adapted from Ref. 5.)

Lanzerotti, L. J. and S. M. Krimigis, Comparative magnetospheres, Physics Today, 38, 25-34, 1985.
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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 1s

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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