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1. Introduction

Since its Saturn’s orbit insertion on July 1st, 2004, the
Cassini spacecraft has been measuring Titan’s upper
atmosphere composition in situ with two intruments:
the Ion Neutral Mass Spectrometer (INMS), which
analyse positive ions and neutrals densities, and the
Electron Spectrometer (ELS), one of the sensors of
the Cassini Plasma Spectrometer (CAPS). Analysing
ELS data, unexpected heavy negative ions have been
detected [2], with a mass/charge up to 10000 u/q, and
with a total density that represents about a tenth of the
positive ion one.
The first negative ion chemistry model [10], developed
to fit the measurements done during T40, succeeded to
explain the three first peaks observed on the mass spec-
trum from ELS: the high CN− abundance has been at-
tributed to the peak at 22±4 u/q, C3N− coupled with
C4H− to 44±8 u/q and C5N− to 82±14 u/q. Above
a few hundred of u/q, no ions can be accurately iden-
tified, because the chemistry is very poorly known for
heavier species.
Based on this previous model including negative ions,
we have developed an updated model, not adapted to
a particular flyby anymore. It describes the phenom-
ena as their averages to prepare the data necessary for
a two-dimensional model, describing the processes as
a function of altitude and of the Solar Zenith Angle
(SZA).
The neutral densities are not fixed by the observations
anymore, but are now chemistry-dependent [5, 11].
The supra-thermal electron flux is calculated with the
latest data on N2 and CH4 [6]. The photo-detachment
cross section of C2H−, C4H− and C6H− have been re-
defined according to Otto (2010) experimental studies.
The dissociative electron attachment (DEA) cross sec-
tions have been updated for HCN [8], C2H2 and C4H2

[7]. Some reaction rates involving important species
have been also redifined [9, 1, 4].

2. Negative ion density profiles

Figure 1: Comparison between the old, intermediate
and new C2H− and C4H− density profiles. The old
profile is taken from Vuitton et al. (2009) [10]. The
intermediate profile is plotted taking into account the
general modifications on the atmosphere, before the
chemical updates realized species by species. This
allows us to understand the influence of both of the
changes separately. The new profile is realized with
all the updates.

The lowest boundary for the negative ion study is
extended until 600 km, that allows us to see, as an
example, the peaks in the C2H− and C4H− profiles at
lower altitude than previously (Fig. 1). In the previous
model, the densities significantly decreased above
from 1000 km to the surface, whereas they stay here
important until ∼800 km. The large variations in the
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C4H− profile are first explained by the impact of the
updated HCN density through C4H− + HCN→ C4H2

+ CN−, then by the updated C4H2 DEA cross section.

3. Conclusions
The most abundant negative ions are the same as
in the previous model (CN−, C3N− C5N−, C2H−

and C4H−). The comparison of the density profiles
reveals that the negative ions distribution depends
highly on their intrinsic parameters. In this updated
model, we use all the latest data available, however
the chemistry processes still need to be much more
accurately known. We notably miss experimental
data about the rate constants of reactions involving
important species and their temperature dependence
(e.g. C4H−/C2H− + HCN, CN− + H and C2H2 +
H−), the dissociative electron attachment on HC3N
and HC5N, the photo-detachment cross section for
the N-bearing ions and the processes leading to the
formation of heavier species.
This model takes into account the physical and
chemical processes on the whole surface of Titan
by averaging them. The next step is to use the data,
known as a function of the solar zenith angle, to make
a richer desription of Titan’s atmosphere, hour by
hour. This study was realized for the positive ions
by Cui et al. (2009) [3]: the average must hide some
differences in the behavior of the species between the
dayside and the nightside, that the two-dimensional
model should reveal.
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