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Types of interactions

 Magnetized (internally generated magnetic field)
— Mini-magnetosphere (Ganymede)
* Non-magnetized

— Inert, no induced magnetic field and no neutral source
(e.g. moon).

— Induced magnetic field due to time-varying external
magnetic field (e.g. Europa and lo)

— Magnetic perturbation due to interaction with neutral
source (.e.g. lo, Enceladus)
e Conductivity due to ionization, charge exchange, collisions

e Sub-Alfvenic flow (except Titan when outside of Saturn’s
magnetosphere)



Ganymede: A Magnetosphere
within a Magnetosphere
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Induced magnetic fields
(Europa and lo)
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Neutral Sources

Enceladus
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Enceladus
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Interaction processes
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Momentum loading (pickup)
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Charge ExChange

— New ions stationary in satellite rest frame

— “Picked-up" by local plasma flow

— lonization adds mass

— Charge exchange does not add mass (usually)

— Both transfer momentum from ambient plasma to new




lonization and Charge Exchange
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Electrodynamic consequences

* Momentum loading generates currents
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Momentum transfer

* Magnetic field
perturbation due to “pick
up” (e.g. ionization and
charge exchange)

V OB

cor X

Vv

VA BZ

e Alfven characteristic
determined plasma mass

density and magnetic
field. v




Momentum transfer

e Alfven wing magnetic
field topology results in
forces on charged
particles via Maxwell
stresses.

— Acceleration of iogenic

plasma at the expense of
torus plasma.

— Ultimately, Jupiter’s
atmospheric is the source
of momentum and energy. ¥




Estimate of momentum loading

e Maxwell stress
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* Plasma mass coupling rate

MAlfven — 2/0t0ruSVAA

* Momentum balance requires (ignoring upstream
input, chemical processes)

MAlﬁ/en - Mionization T Mchex ~ 300 o 900 kg/s
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Mass transfer rate (Alfven wing)
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lo’s (partial) neutral torus
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Marshall & Libby (1967)

Energetics
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Pickup Energetics

* Pickup involves two parts:
— Acceleration to corotation speed

— Heating at local flow speed (on time scale of
gyromotion)
P:£[<T> +(mp? 2]~ (200 kg S)(2(360) eV) =7 x10"'(W)
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 Much of the =1 TW of power is necessary for the
pickup of roughly 200 kg/s into corotational
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Outstanding issues

How does the thermal electron temperature and hot
electron beams affect the interaction?

— Enceladus, T, = 2 eV (little interaction)

— lo, T, =5 eV (strong interaction)
What are the important processes that shape the extended
coronae/neutral clouds?

— Electron impact dissociation vs. charge exchange

What is the feedback between the neutral source and
ambient plasma conditions (i.e. plasma torus)?

— Enceladus’ variable plume source

— lo’s volcanic activity

Under what circumstances are energetic particles (keV-
MeV) important (Europa, Ganymede, Callisto)?



