
Abstract
Titan, the largest moon of Saturn, has a dense and nitrogen-rich atmosphere. Solar EUV radiation and 
energetic particles ionizes the atmosphere and thereby forming a layer of plasma, the ionosphere, in 
the uppermost part of the atmosphere. The Cassini spacecraft flew past the moon Titan 127 times 
during its 13-year mission in the Saturn system. During most of these close flybys Cassini entered the 
ionosphere and some reached the ionospheric peak, located at some 1100 km above the moon 
surface. With the Langmuir probe instrument, we could study the plasma properties, e.g. ion and 
electron density, temperature etc, and a very dynamic ionospheric structure was found. In particular, 
significant and apparently intermittent density spikes were found in the upper ionosphere. These 
density peaks are manifested as a sudden increase in the measured density by some 10-500 cm-3 over 
a time period of roughly minutes. These have so far been left unattended in our studies of Titan. We 
present some initial examples and early analysis of these events.
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Examples of electron density spikes in 
RPWS/LP data
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Figure 1 & 2. Two examples 
of time series of (top) 
RPWS LP sweeps  (middle) 
electron density derived  
from sweeps and the upper 
hybrid frequency line, and 
(bottom) magnetic field 
data. The density spikes are 
indicated by the red arrow. 
The spike during T16 is 
relatively large while during 
T17 it is low in amplitude.
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Four additional examples 
of density spikes indicated 
by the red arrows. If 
quickly  scanning through 
all the Titan flybys several 
more exists, and we intend 
to add them to the 
statistics.
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The red solid squares indicate the 
locations of the density spikes in 
space around Titan, shown in 
different coordinate systems. 
While most spikes are observed 
on the outbound leg of Cassini’s 
path and seems to be located 
more on the ramside and the 
dayside, we do not yet have 
enough statistics to claim this with 
certainty.
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Electron spectrometer (CAPS/ELS) data also 
shows some signatures:
- varying occurrence of the 24.1eV 
photoelectron peak, which could be related to a 
magnetic connection to Titan's ionosphere.
- anisotropy of photoelectrons indicates a 
changing magnetic connection, losing the local 
production of photoelectrons. Also, 22eV 
photoelectrons stop occurring soon after 
density spike, reinforcing non-local production.
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To do list:

• Add more events to improve statistics and better range of events
• Compare to CAPS/ELS data (started initially)
• Compare to high-res magnetic field data (started initially)
• Investigate geometrical preference with better statistics
• Determine the physical process that cause the spikes
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Summary

• Plasma density spikes observed mainly on the outbound leg.
• Density ranges from 10-500 cm-3

• Some spikes are very isolated, some are more clusetered in groups.
• Observed on 20-30% of all flybys, from a quick scan of all flybys.
• No obvious preferred geometric location yet (better statistics to 

come…) expect that it seems to be a dayside/ramside phenomena.
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