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BACKGROUND:
The composition of Saturn’s lower ionosphere is not
well understood, with dust and heavy ions likely
playing a major role in the chemical balance. At the
lowest altitudes, a strong electron depletion is
observed, which is seemingly due to dust particles
taking on the role of negative charge carriers and yet
to be included into many of the current models.
The presented method can provide a way to constrain
the nature of the positive ions.

positive ions are likely

𝑋𝑑𝑢𝑠𝑡 is a collective
term for various
dust properties

𝑃𝑒 = 𝑃𝑒,𝑔𝑎𝑠 + 𝑃𝑒,𝑑𝑢𝑠𝑡
𝐿𝑒 = 𝑛𝑒 𝑘𝐷𝑅 𝑛𝑖 + 𝑋𝑑𝑢𝑠𝑡
𝑃𝑒,𝑔𝑎𝑠 = 𝑛𝑒 𝑘𝐷𝑅 𝑛𝑖 + 𝑋𝑑𝑢𝑠𝑡 − 𝑃𝑒,𝑑𝑢𝑠𝑡
𝑛𝑒 𝑋𝑑𝑢𝑠𝑡 − 𝑃𝑒,𝑑𝑢𝑠𝑡 > 0
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In photochemical equilibrium:

main production
equals main loss
channel

𝑃𝑒,𝑔𝑎𝑠 = 𝑘1 H2 [H2+ ]

dominated by species with low

𝑃𝑒,𝑔𝑎𝑠 > 𝑘𝐷𝑅 𝑛𝑒 𝑛𝑖
2×10-9 cm-3 s-1 INMS

recombination rate coefficients.
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Eq. [1]
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Assumption of
photochemical
equilibrium
below
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Derived upper limits from orbits 288–292 below 2000 km:

Eq. [1]

𝑎300 ∼ 2.5 × 10−7 cm3 s−1

Upper limits for the effective recombination
coefficient 𝛼300 at a reference electron
temperature of 300 K

Potential positive ions with low recombination
coefficients:

• Upper limits of
∼ 2.5E-7 cm-3 s-1
below 2000 km
• Not compatible
with previously
suggested water
group ions or
complex
hydrocarbons
• Modelled results
for other deep
orbits produce
similar values

N2 H+ :

𝑎300 = 2.7 × 10−7 cm3 s−1

HCO + :

𝑎300 = 2.0 × 10−7 cm3 s−1

HCNH+ :

𝑎300 = 2.8 × 10−7 cm3 s−1
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