Dynamic Planetary Magnetospheres:
Gas-Plasma Interactions at their Best
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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 and Krimigis, Physics Today, 1985)
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Voyagers showed that Outer Planet

magnetospheres are most dynamic
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Ion Intensities in Jupiter’s Magnetosphere

Voyager 2, 1979 (Krimigis et al, JGR, 86,8227, 1981)
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Jovian plasma flows in the corotation
direction (Krupp et al., JGR, 2001) \
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Jupiter’s rotation-dominated magnetosphere

(Krtmlgts et al, JGR 86, 8227, 1981)
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Jupiter’s magnetotail explored by
in 2007 extends to > 1 AU

(McNutt et al, Science 318, 220, 2007)
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y:(,»;,é Jupiter’s plasma is dominated by

ke Heavy ions (0, S) {Mauk et al, 2004} |

MAUK ET AL.: ENERGETIC IONS AND NEUTRAL GAS AT JUPITER
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A7)  Jupiter’s Magnetosphere: High 3

L4 i
.!" | lll""n.AkAAHMI;AOHNQN r eg ime (Mauk et al’ 2004)
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72 Dennis Papadopoulos:
A keen sense of timing and an eye on the latest data
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Stochastic acceleration of large M/Q ions by hydrogen cyclotron
waves in the magnetosphere

K. Papadopoulos
Science Applications, Inc., McLean, Virginia 22102

J. D. Gaffey Jr.
Geophysical & Plasma Dynamics Branch, Plasma Physics Division, Naval Research Laboratory, Washington, DC
20375

P. J. Palmadesso
Geophysical & Plasma Dynamics Branch, Plasma Physics Division, Naval Research Laboratory, Washington, DC
20375

It is shown that in hydrogen dominated multi-ion plasmas supporting coherent hydrogen cyclotron waves, the
minority ion species with large M/Q are preferentially accelerated and the maximum energy achieved scales as
MMy ’)5"3 “The importance of this scaling to O™ acceleration in the auroral zones and to other high energy heavy
ion observations in the earth's and Jupiter's magnetospheres is discussed.
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Citation: Papadopoulos, K., J. D. Gaffey Jr., and P. J. Palmadesso (1980), Stochastic acceleration of large M/Q 1ons by hydrogen
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Like Earth, Jupiter has quiet and active periods of injections

At Earth:

Reeves et al., 2003

Jovian auroral radio emissions
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The behaviors of Jupiter magnetosphere injections were ;}j %
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understood by invoking sudden radial injections over confined

regions in azimuth followed by slow, dispersive, azimuthal drifts. ace. Z
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ToraalE) = Sk Cil(E) JTi(E) ni(D) dl
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Magnetospheric Imaging Instrument (MIMI)
On the Cassini Mission to Saturn/Titan
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\_ Composition of plasma is mostly Water group S 6
L (W*) and H" ions, but W* dominate during active periods = id
(Hamilton et al, 2008) % T %
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into the neutral gas reservoir may explain some Saturn

\AKAAHMIA AGHNON ENA emission dynamics

Phase space
ensity gradient
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Energetic Particle Injections are as pervasive

at Saturn as they are at Jupiter
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Oxygen injections over 4-day period: lower

iy energies lag due to curvature and gradient drifts

talui (Mitchell, Krimigis et al, PSS, 2009)
Oxygen ENA intensity, 352-356, 2004
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Injections Cause SKR

(Brandt et al, EGU, 2009)

* The energized H" and O" of the
injection results in an azimuthally
asymmetric pressure

— Hot pressure can dominate cold
pressure in this region [Sergis et
al., 2007; Wilson et al., 2008;
Brandt et al., 2009]

e The azimuthal gradients “drive”
currents in and out of the
ionosphere

» The field-aligned currents trigger
the maser instability responsible for
the SKR emission

The asymmetric plasma pressure drives currents

« OBSERVATIONS: SKR onset connecting to the ionosphere, which triggers SKR and
together with INCA onset. perturbs the magnetic field. Example from Earth is shown
[Brandt et al., 2008].
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)

%ﬁ ( &, MHD Simulation of Saturn’s Magnetosphere 7 ¢
; A

-

: (Hansen et al, 2006)
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Strong solar wind pressure
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Ions 0.04-1.0 MeV, V1/V2 comparison: 2002-2009.30

(Decker, Krimigis, Roelof, and Hill, 2009)
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/_\ Conceptual overview of Termination Shock-Heliosheath
| '{? \ regions from Voyager I1(Decker, Krimigis, Roelof et al,
\Aeasimia Aoty Science, 309,2020, 2005)
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Artist’s Concept of Heliosphere and
Trajectories of Voyagers 1, 2
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Concluding Remarks

* Dynamics of inner planet magnetospheres (Mercury, Earth) are solar
wind-driven
« The magnetospheres of outer planets exhibit similar plasma phenomena

(e.g. K-H and interchange instabilities, plasma injections, reconnection,
AKR generation etc) to those at Earth

* Dynamics, however, are dominated by planetary rotation, and internally
generated plasmas consisting mostly of heavy (M = 16) 1ons that carry
most of the mass and pressure

e Periodicities close to, or near, the planetary rotation period manifest
themselves in SKR, magnetic field, particle acceleration, and possibly
plasmoid formation and release

e Asymmetric ring currents drive field-aligned currents to the 1onosphere
where slippage slows down plasma corotation at the equatorial plane.

« MHD models suggest plasmoid formation down the magnetotail, but do

not account for the origin and behavior of the hot, heavy ion plasma
June 19, 2009 Papadopoulos Conference 39



