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Abstract
The vertical density profile of N2 and CH4 measured
by Cassini’s Ion Neutral Mass Spectrometer (INMS)
indicates that the temperature of Titan’s thermosphere
is highly variable both spatially and temporally. Fea-
tures that appear to be caused by strong localized heat
sources (∼10−9 to 10−10 ergs cm−3 s−1) are fre-
quently observed. We examine magnetospheric elec-
tron precipitation and frictional heating in discrete cur-
rent layers to determine if the interaction between Ti-
tan’s upper atmosphere and Saturn’s magnetosphere is
the source of localized heating. We also examine the
time-scales of the observed localized heating to deter-
mine if prior configurations of Titan’s induced magne-
tosphere are ‘fossilized’ in Titan’s neutral atmosphere.

1. Introduction
Cassini Ion Neutral Mass spectrometer indicates that
the thermal structure of Titan’s upper atmosphere is
as varied and complicated as Titan’s magnetospheric
interaction. The variation in thermal structure is not
well organized with solar zenith angle, indicating an-
other significant energy source is needed. Two can-
didates that warrant further investigation are heating
by gravity tidal waves as described by Strobel [2006]
and heating due to the interaction between Titan’s up-
per atmosphere and electromagnetic fields and parti-
cles from Saturn’s magnetosphere. Global multi-fluid
models of Titan’s plasma interaction will be used to
evaluate Titan’s magnetospheric interaction and assess
if it is the source of discrete structures detected in Ti-
tan’s thermosphere by Cassini INMS.

2. Electron Precipitation
Previous estimates of heating by suprathermal elec-
trons (e.g. [4]) have not accounted for the full energy
spectrum of electrons observed near Titan by Cassini’s
Electron Spectrometer (CAPS-ELS) and Low En-

ergy Magnetospheric Measurement system (LEMMS)
[6]. Furthermore, the complex three-dimensional and
time-varying aspects of magnetospheric electron pre-
cipitation has not been fully addressed. The trajec-
tory and energy deposition of precipitating electrons
are determined by the orientation of draped magnetic
fields in Titan’s ionosphere. The magnetic field config-
uration is complicated because Saturn’s magnetic field
orientation near Titan frequently changes and the life-
time of magnetic field lines within Titan’s ionosphere
is estimated to be several hours [3].

To quantify heating due to magnetospheric electrons
in Titan’s thermosphere we use a three-dimensional
model of Titan’s plasma interaction to determine the
magnetic field topology through Titan’s ionosphere for
several configurations. Next a multi-stream model is
used to determine neutral heating rates due to magne-
tospheric electrons along simulated field lines.

3. Frictional Heating

Recently, Ågren et al. [2011] reported observations
of discrete current layers and horizontal electric fields
in Titan’s upper atmosphere. The magnitude of the
observed electric field was 0.5 to 3 µVm−1, imply-
ing plasma drifts speeds on the order of several hun-
dred meters per second. Localized frictional heating
and momentum exchange due to ionospheric currents
may effect the structure of Titan’s thermosphere. We
find that the heating rate due to the ionospheric cur-
rents reported in Ågren et al. [2011] is on the order of
10−11 ergs cm−3 s−1. A 3D multi-fluid model of Ti-
tan’s plasma interaction that simulates current layers
and plasma drifts in Titan’s ionosphere in agreement
with the results of Ågren et al. [2011] is used to in-
vestigate how current layers might heat Titan’s neutral
atmosphere.
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4. Timescales
Titan’s plasma environment changes on timescales
ranging from tens of minutes to several hours, de-
pending on Titan’s location with Saturn’s magneto-
sphere ([7]). Bell et. al. [2011] recently studied the
time-dependent response of Titan’s upper atmosphere
to heating from ion precipitation over half a Titan day
and found that heating and cooling time-scales due to
episodic heating rates of ∼10−11 ergs cm−3 s−1 were
about half a Titan day, depending on altitude. Sim-
ilarly, we examine the thermal response to localized
heat sources to determine how INMS observations are
affected by ‘fossilized’ heating events from prior con-
figurations of Titan’s induced magnetosphere.

5. Summary and Conclusions
The thermal structure of Titan’s upper atmosphere is
highly variable both spatially and temporally. The ob-
served variable thermal structure indicates that strong
localized heat sources are needed to produce the neu-
tral density structure observed by Cassini’s INMS. We
examine electron precipitation and frictional plasma
heating to determine if Titan’s interaction with Sat-
urn’s magnetosphere is the source of localized heating
in Titan’s thermosphere. We also examine the time-
scales of localized heating events to better understand
how to relate the structure of Titan’s upper atmosphere
to the current and prior configurations of Titan’s in-
duced magnetosphere.
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