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The domination of Saturn’s low-latitude ionosphere
by ring ‘rain’
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Saturn’s ionosphere is produced when the otherwise neutral atmo-
sphere is exposed to a flow of energetic charged particles or solar
radiation1. At low latitudes the solar radiation should result in a
weak planet-wide glow in the infrared, corresponding to the pla-
net’s uniform illumination by the Sun2. The observed electron
density of the low-latitude ionosphere, however, is lower and its
temperature higher than predicted by models3–5. A planet-to-ring
magnetic connection has been previously suggested, in which an
influx of water from the rings could explain the lower-than-
expected electron densities in Saturn’s atmosphere6–8. Here we
report the detection of a pattern of features, extending across a
broad latitude band from 25 to 60 degrees, that is superposed on
the lower-latitude background glow, with peaks in emission that
map along the planet’s magnetic field lines to gaps in Saturn’s
rings. This pattern implies the transfer of charged species derived
from water from the ring-plane to the ionosphere, an influx on a
global scale, flooding between 30 to 43 per cent of the surface of
Saturn’s upper atmosphere. This ring ‘rain’ is important in modu-
lating ionospheric emissions and suppressing electron densities.

On 17 April 2011 over two hours of Saturn near-infrared spectral
data were obtained by the 10-m W. M. Keck II telescope using the
NIRSPEC (Near InfraRed Spectrograph) spectrometer9. The slit on the
spectrometer was positioned along Saturn’s noon meridian as shown
in Fig. 1. The intensity of two bright H3

1 rotational–vibrational emis-
sion lines is almost completely visible from pole to pole, so that low-
latitude emissions can be studied. Far from being featureless (as we
might expect by analogy to Jupiter1; see Supplementary Information),
the mid- to low-latitude H3

1 emissions show a number of peaks and

troughs before increasing strongly towards the two polar auroral
regions; a number of these peaks are observed in both spectral lines.
The Q(1, 02) line shows more substantial peaks and troughs at mid- to
low latitudes than does the R(2, 22) line, owing to less contamination
by reflected sunlight in neighbouring spectral pixels where methane is
not absorbing this light effectively. The apparently symmetric peaks
and troughs do not occur at the same latitudes either side of the
equator, however: they occur at higher latitudes in the north than in
the south. The lack of latitudinal symmetry, along with the absence of
a variability similar to Jupiter’s1, suggests that the phenomenon is
unrelated to weather patterns or other processes produced in the neu-
tral atmosphere.

Instead, the peaks in emission are found to be mapped via planetary
magnetic field lines to gaps in Saturn’s rings such as the Cassini divi-
sion (in which we will include here the Herschel, Laplace, Encke and
Keeler gaps) and the Colombo gap. In addition, we define the ‘insta-
bility region’ as the region between the inner edge of the B ring and the
‘instability radius’. The inner edge of the B ring and the ‘instability
radius’ are regions within which the outward centrifugal forces on
particles balance with the inward gravitational forces within the rings,
such that particles are unstable and can easily stream along magnetic
field lines and enter Saturn’s atmosphere10,11. The model used for this
mapping uses the most recent internal field coefficients determined
from Cassini data12, together with small field perturbations produced
by magnetospheric currents (see also the Supplementary Information).

The field lines within the equatorial region, where the H3
1 emission

features are found, map to Saturn’s main ring system between 1.2RS
and 2.3RS from the centre of the planet (where RS is the 1-bar Saturn
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Figure 1 | The process of data acquisition. The spectral images shown in a are
separated by a thick black line to indicate the different wavelength ranges. The
horizontal and vertical axes in these ranges show wavelength and spatial
position along the slit, respectively, while intensity ranges from low (black) to
high (white). Two spectral lines, Q(1, 02) at 3.953mm and R(2, 22) at 3.622mm,
are centred in each wavelength range, and are from the Q and R branches of the
H3

1 emission spectrum. These spectra are obtained through the slit of the
spectrometer seen in b, which was orientated in the north–south position on
Saturn, aligned along the rotational axis. Saturn’s spin axis was tilted by 8.2u

towards Earth during conditions of Saturn’s early northern spring. The planet
rotates beneath the slit, allowing the acquisition of spectral images at a fixed
local time, but varying in Saturn longitude. In the approximately two hours of
recorded data, 21% of the longitude of the planet was observed: 101u–177u
longitude. The bright infrared emission measured at the 23 arcsecond position
in a across the entire wavelength range is the uniform reflection of sunlight by
the rings, and the remaining bright white areas are due to methane reflection.
This background methane reflection attenuates the R(2, 22) line emission more
than that of the Q(1, 02) line, leading to a lower signal-to-noise ratio.
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