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1. INTRODUCTION

The giant moon Titan orbits Saturn at a distance of 20 Saturn
radii
Titan is hence exposed to a hot plasma that surrounds Saturn
(Saturn’s magnetospheric plasma)
This plasma flows past Titan, interacting with its dense
nitrogen and methane based atmosphere
In this study we investigate the use of ionospheric
photoelectrons as tracers of magnetic field lines in order to
learn more about this complex plasma environment

2. MAGNETIC FIELD LINE DRAPING AROUND TITAN
Titan has no intrinsic magnetic
field of its own.
Magnetic field lines of the
magnetospheric plasma drape
around Titan due to
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•‐ Mass loading. Atmospheric
molecules are ionised and picked up
by incoming magnetospheric
plasma, which therefore slows down
at these mass loading sites. However
plasma flow continues elsewhere,
causing the field lines to drape.
•‐ Ionospheric pressure forces.
Saturn's magnetic field tries to
penetrate Titan’s conducting
ionosphere. Currents are set up to try
to exclude the field lines.

3. IONOSPHERIC PHOTOELECTRONS
Photoelectrons are electrons that are produced when an atom or molecule is ionised due to
electromagnetic radiation. In planetary ionospheres (the upper, ionised part of the atmosphere)
photoelectrons can be produced when a certain type of solar radiation, called Helium (II) line at
30.4nm , ionises neutral molecules in the upper atmosphere. These can be observed in electron
energy spectra as peaks at certain energies, e.g. at Mars, Venus and Earth (Frahm et al, 2008,
Coates et al, 2008, Tsang et al, 2008).
At Titan, discrete peaks in the electron energy spectrum at ~24eV
can be observed in the ionosphere due to the ionisation of N2
(Coates et al, 2007, Galand et al, 2008), such as the encircled peak
shown here observed by Cassini’s CAPS electron spectrometer
(ELS)

4. WHY STUDY PHOTOELECTRONS AT TITAN?
•Photoelectron peaks are generally observed in the dayside ionosphere (i.e. the part of the
ionosphere that is exposed to solar radiation) because neutral N2 densities are high enough there
and can be ionised by solar radiation
•In this study we investigate observations of photoelectrons at large distances from Titan where
neutral N2 densities are low therefore local production is unlikely
•We suggest that photoelectrons may have travelled to these large distance observation sites
from the dayside ionosphere via magnetic field lines
•Photoelectron observations at large distances can therefore provide information about Titan’s
magnetic environment and atmospheric escape processes by using them as tracers of field lines
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6. COMPARISON WITH T15 HYBRID
MODELLING RESULTS
Results from the HYB model (Sillanpaa, 2008) indicate
magnetic connections (yellow lines) between Titan’s dayside
ionosphere near the south pole and the photoelectron
observation sites (pink line)
This strongly supports the idea that photoelectrons produced
in the dayside ionosphere can travel to larger distances from
Titan via magnetic connections

7. CONCLUSIONS

•Discrete photoelectron peaks in ELS spectra are generally observed in Titan’s dayside ionosphere due to solar
radiation ionising neutral N2
•Observations of photoelectrons at larger distances from Titan where they are unlikely to have originated (due to
low neutral densities at these distances) are reported for the first time in this study (Wellbrock et al, 2008, Coates
et al, 2007)
•The most likely explanation for observations at such large distances is that these photoelectrons originated in the
dayside ionosphere but then travelled to the observation sites via magnetic field lines
•Results from the HYB model (Sillenpaa, 2008) strongly support this idea
•Therefore observations of ionospheric photoelectrons at large distances from Titan can be used as tracers of
magnetic field lines providing a new approach to understanding Titan’s complex magnetic environment and its
atmospheric escape processes

Background image:
Cassini image of Titan behind Saturn’s A and F rings and moon Epimetheus.
Titan’s surface is not visible because of the dense, orange haze layer
(NASA).
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