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Abstract 
In 2013, we discovered that the "ring rain" which 
falls on Saturn from the rings also leaves an imprint 
on the low-latitude upper-atmosphere. Specifically, 
the ionospheric-bound H3+ ion appeared to emit 
brightest where water products are known to fall. The 
data were obtained using the 10 meter Keck 
telescope in 2011, and we found that the upper 
atmosphere must be modified by an influx of water 
products (e.g. H2O+, O+, etc.) which are transported 
from Saturn’s rings via the innermost magnetic field 
lines.  

Here we present the first re-detections of the imprint 
of “ring rain” on Saturn's ionosphere, using ground-
based Keck telescope data from 2013 and 2014. We 
have found that the emission from low-latitudes 
decreases dramatically from 2011 to 2013/14, and 
that this drop in emissions is associated with a 
decrease in the upper atmospheric temperature. We 
also estimate temperatures and densities of H3+ as a 
function of latitude on Saturn for the first time, 
informing our understanding of how ring rain affects 
the ionosphere thermally and chemically. 
Temperature measurements allow us to investigate 
whether or not this coupling leads to the local 
heating of the upper atmosphere in a manner similar 
to the aurora, while density information allows us to 
estimate the quantity of water products being 
transferred. This comes at a crucial time as the 
Cassini spacecraft has just completed all orbits 
between the planet and rings, and so has directly 
sampled the forces and material within the inner 
magnetosphere related to ring rain.  
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Saturn from Keck with the NIRSPEC instrument in 
years 2011, 2013 & 2014. Saturn’s configurations are 
shown (right) (from NASA PDS). Light from Saturn 
entered through the slit and was dispersed in 
wavelength as shown on the left. Centered at 3.953µm 
is the Q(1,0) line of H3+. The polar H3+ emits brightly 
due to auroral activity, while the rest of the planet 
appears to glow only in 2011, making the signature of 
‘ring rain’ easily viewable in that year. A decrease in 
the temperature of the upper atmosphere can explain 
this trend, but it is yet unclear why the entire upper 
atmosphere would become colder. Brightness 
elsewhere are a combination of emissions from 
hydrocarbons and reflection of sunlight from the rings.
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