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Aim of the work

1. Studying the characteristics of the energetic particle population in the inner to
middle magnetosphere.

2. ldentifying the source region for auroral features (at the transition from the
current sheet to the dipolar region).

3. Explaining the formation of the auroral features by studying the physical
processes occurring in this region.

The Jovian magnetosphere

Internally driven system

« Io Volcanic activity - 1 ton/sec of neutral
atoms

« Fast rotation of the planet >
plasma corotation up to large radial distances >
formation of current sheet.
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Pitch angle diffusion

* Diffusion is one of the processes by which particles are transported in the magnetosphere.
It can lead to loss of particles into the loss cone and consequent precipitation.

* Dominant mechanism for electron pitch angle diffusion — whistler waves.

Anisotropic pitch angle distribution — unstable particle distribution
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Free energy - Whistler wave instability
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Whistler waves interact with electrons — Pitch angle diffusion
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Precipitation into the ionosphere — Auroral emissions



EPD instrument on Galileo - the data used Observations — Energetic particle and magnetic field

C10 orbit 3 -

* Analyzing 33 Galileo Orbits
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Observations - Electron pitch angle distribution PAD boundary and auroral emissions

« Inner regime — dipolar region « Outer regime — core plasma sheet region — Sec. oval
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* Most prominent and well defined boundary — Located from 10 R, to 17 R

PAD boundary and auroral emissions — tracing of magnetic field lines Simulation of electron PAD changes

* Comparing the footprints of the PAD boundary (VIP4 model) with the HST observations tial distribution : * Final distribution :

J(E,) = f(E)*(sin(@)*® +c(E))  Conservation of 15t and 2" adiab. inv. - retrieves final
E and a.
« E €[29, 527] keV and o € [1, 90] deg « Conservation of Phase space density - retrieves final j.

South Pole

« Variation of the pitch angle distribution with radial distance — Observations and simulation

« Adiabatic processes lead the
distribution from a pancake to a
bi-directional distribution within
the same radial range as observed
by measurements.

HST observations

* Secondary Oval —— Footprints 6 and 25 R, (VIP4)
* Main Oval

e Good conjugation between the PAD boundary and the secondary oval




Wave-particle interaction and pitch angle diffusion Precipitation energy flux

o Critical flux — Minimum flux needed for
whistler wave instability.

North pole auroral emissions
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Measured electron spectra at the PAD
boundary.

« Verified that measured flux is bigger e . * Strong pitch-angle scattering.
than critical flux.
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« Whistler waves — Presence confirmed t. ; * Electron’s energy : E, € [55, 304] keV. -
by wave frequency-time spectrograms. _ E, € [55, 188] keV. Pole —————————+ Equator
e o Courtesy of . Grodent, Univ. Lidge
e, et Whistler waves at the
e Estimation of the ratio : Da.o/Dsd PAD boundary

o Sufficient to directly produce the observed auroral emissions of the

) v 1 «D,, well above D, > The conditions for secondary oval without the need of a field aligned potential drop.
(T g sd \4RJ 4 ':; strong pitch angle diffusion are satisfied.

Conclusions

1. Energetic particle characteristics on 33 * Electron pitch angle dist.ributions
of Galileo orbits (from 10 R; to 30 R;) :> pancake to bi-directional : 10 R; < r < 17 R,

. Relation to the secondary auroral oval I:> ° Tracn.'lg Of‘th Z}ag:‘:}: bﬁeld i lines - and
comparison with the observations.

* Bi-directional distribution in the outer
current sheet region evolves to a pancake in
the dipolar inner region.

3. Physical processes occurring at the pitch :::
angle boundary

* Whistler waves in the PAD boundary lead to
pitch angle scattering and strong diffusion

* Calculated precipitation energy flux gives
brightness values in the range of the
secondary oval brightness.




